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PREFACE. 



A FEW years ago, the author of the following work instntcted a 
elaas of yonng men in Geometry and Mensoration. At that time, 
no saitable text book could be found of a rafficiently practical char- 
acter to meet the wants of either the instmcter or papils in this branch 
of mathematics ; and the only alternative was to use the best which 
conld be procured, and supply the deficiency by preparing a written 
manuscript. That manuscript forms the foundation of the present 
treatise. Contributions have, from time to time, been made to the 
work, till the last year, during which it has received the almost 
exdunvc attention of its author. At the uif ent solicitation of sev- 
eral gentlemen who have examined the work, it is now presented to 
the public, with the belief that it will supply a want which has long 
been experienced ; the want of a work containing a familiar illus- 
tration of the principles of Geometry, with a practical application of 
them to the Mensuration of lines, surfaces, and solids ; and the gen- 
era! adaptation of the whole to the common purposes and business 
of life. Such has been the design of the author in the following 
work. How far that object has been accomplished, those for whom 
it has been prepared must decide. Simplicity in arrangement, per- 
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■picuity in illastration, and familiarity in the use of terms, are points 
which have been kept constantly in view. 

In the following treatise, the principles are presented in an im- 
proved and intelligible form ; and some of them have never before 
appeared in any similar work. The Rules for finding the sum, 
the difference, and the product of the squares of numbers, 
without finding their squares — The Rule for finding the solidity 
of a wedge — The Rules for finding the chord of an arc of a 
circle, and for the construction of an ellipsis, are among the latter. 
The Rule for the Mensuration of loads of wood for fuel, is brief, 
simple, and easily applied. In Duodecimals, or multiplication of 
feet, inches, and parts, it is believed that an essential improvement 
has been made ; rendering that difficult, and, to some, almost inex- 
plicable operation, plain and intelligible. 

In Common and Decimal Fractionvthe operations are clear and 
perspicuous, and may be understood and applied as easily as similar 
operations upon whole numbers. These, with the Extraction of the 
Square and Cube Roots, form an important and indispensable intro- 
duction to Mensuration, Surveying, JVavigation, and other practit;al 
branches of mathematics, and are recommended to the attentive ex- 
amination of the student. 

There are upwards of seven hundred practical questions and 
illustrations, relating to the business of the Architect Surveyor, 
Carpenter, Mason, Painter, Glazier, and other branches of mechani- 
cal operation. To the Agricultural, Mercantile, and Commercial 
community, this work will afford much useful infor.nation, applicable 
to their respective branches of labor and enterprise. 

The sublime truths of mathematics, emanating, as they do, im- 
mediately from the *' Great Geometer " of the Universe, and inca- 
pable either of improvement or alteration by any human mind, 
should not be concealed within literary pafaces, nor obscured by the 
mist of technical phraseology when permitted to go out. They are 
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the common property of aJI, and ahoold be difinied as freely aa the 
vital air, and the light of heaven ; that all may comprehend, admire, 
and enjoy them. 

In a society, such as the American public, distinguished for the 
general difiasiou of knowledge, every attempt to radiate and extend 
the light of science will be duly appreciated ; and he who dispels 
the darkness of ignorance from a single hnman mind, and supplies it 
with the light of truth, will not be unrewarded. 

B. F. C. 

July 1, 18S6. 



Mft. CALLBXABBy 

Dear Sir, — I have carefully examined your Geometrr. and do 
moat cheerfully bear testimony to its yery great worth. It seems 
to have been sedalonsly prepared* and most prove auseftdand 
convenient manual ibr schools and practical men. It comprises a 
far greater amount of knowled^ tnan any similar work. Every 
part of it is perfectly clear and intelligible ; and I cannot but nrpe 
teachers to examine it, that they may become acquainted with its 
merits. 

Tours, CHARLES H. ALLEN. 

[From the American Annals of Education, for January, 1837.] 

This work appears to be at once simple, perspicuous, and judi« 
ctous. We have 'seen no treatise in this department better adap- 
t<*ji to the wants of teachers and pupils. The style of its execu* 
tionls'equally commendable. 
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ERRATA. 

Page 186 ~ Quettion 7 — Ans. 5.5632. The note should be, ~ <* tmd aUUmde " 
equal to a latgth qfa tide itftJu pjframid. 
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INTRODUCTION. 



CHAPTER I. 
FRACTIONS, 



SECTION I. 
Definitions, 

Fractions signify p!irts of a thing broken, or of a num- 
ber divided. 

When a thing or number is divided into two equal parts, 
the parts are called halves. If a thing or number be di- 
vided into three equal parts, the parts are called thirds. 
If divided into four equal parts, the. parts are called 
fourths. If divided into five equal parts, the parts are 
c^ed fifths, &fC. always receiving a name from the num- 
ber of parts into which the thing or number has been 
divided. 

When fractions are expKessed in figures, two numbers 
are used, with a short line between them, as j-, one half; 
j-, one third ; f , two thirds ; -f , five sevenths ; -J^, eleven 
twelfths ; &c. 

2 



14 VRACTIONS. 

The number below the line, which gives the name to th* 
fraction, is called the denominator. 

7%e number above the line, which expresses the H vmber 
of parts used, is called the numerator. 

In the fraction f , the denominator, 6, expresses that 
some thing or number has been divided into six equal 
parts; and the numerator^ 6, expresses that five of those 
parts are taken. The fraction, then, is Jive sixths. 

Write the foHowing fractions in figures. Threefourths ; 
seven eighths ; ten twelfths ; fifleen sixteenths ; nineteen 
twenty-fifths; ivfentj-fivethirti/'fifths ; thirty-nineybr^y- 
eighths ; Hfij'SeYen seventy-fifths ; eighty-nine ntne^te^As; 
one hundred five one hundred twenty-fifths ; two hundred 
thirty-five three hundred forty fifths ; five hundred fifly- 
five seven hundred seventy-sevenths ; eight hundred eighty 
nine nine hundred eighty'^ighths. 



SECTION Ut 
Proper and Improper Fractions. 

If the value of a fraction be less than a unit, that is, 
if the numerattor be less than the denomina'tor, it is a 
proper fraction ; tis f , f , J, |^, &c. 

If the value of a fraction be equal to, or greater than 
ii unit, that is, if the numerator be equal to or greater 
than the denominator, it is an improper fraction ; as 

i, h h if, V, &c. 

Write the following fractions in figures ; and separate 
the proper from the improper fractions. 

Two thirds ; three halves ; four thirds ; three fif^s ; 
six fourths ; eight sevenths ; nine elevenths; seven sixths 
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five eighths ; &vq fiAhs ; fifteen sixteenths ; seventeen 
eighths; five twenty-fifths; twenty-five fifths; twenty-five 
twenty-fifths; ninety-eight eighty-ninths; eighty-nine 
ninety-eighths. 

Although fractions are properly j7ar/5 of a unit ^ or one 
single thing, they may he used to express a pan or parts 
of any nuiaher of things : thus we may e^xpress two 
thirds of ten dollar s^ as well as two thirds of oiie doUar; 
or three fourths of one hundred miles, as well ^a thf6<^ 
fourths of one mile* 



SECTION III. 
Mixed Ntmiber9. 

A whole number with a fraction is called a mixed 
NUMBER ; as, one and five eighths. If ; two and three 
fourths, 2f . 

Express the following mixed numbiers in figures. 

Four and two thirds ; six and four fiflhs ; five and one 
half; seven and four sixths ; nine and three sevenths ; 
thirteen and seven eighths ; twenty and eleven twelfths ; 
thirty-seven and fifteen sixteenths. 

Any number may be written in the form of a fraction : 
thus, 5 s=3 -}- ; 13 = ^. These numbers may be express-^ 
ed with any denominator required, by multiplying the 
whole number by the denominator, and placing the product 
a$ a numerator over the given denominator. 

Express 5 as a fraction, having 2 for its denominator. 

5 X 2 :=: 10. Ans. V*. 

Write 10 in the form of a fraction, having 5 for its 
denominator. Ans. ^. 

Cbi^Qgo 1$ to a fraction, with 15 for a denominf^tor. 

Ans, ^ 
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Change 25 to a fracUoDy having 25 for its denominator. 

Ans. ^, 

SECTION IV. 

Chmige of Fractions, 

It is often necessary to change the form of a fraction 
or mixed number. This may be done without changing 
its value. 

To change an improper fraction to a whole or mixed 
number. 

Divide the numerator by the denominator : the quotient 
will be a whole number, 

1* Change ^ to a whole number. Ans. 3. 

12 divided by 4=3. 

If there be a remainder^ write it over the denominator, 
and annex it to the quotient, 

2. Change ^ to a mixed number. 

16 divided by 5=3 and 1 fifth remaining. Ans. 3|. 

3. Change V^ to a mixed number. Ans. 5§. 
Change the following improper fractions to whole or 

mixed numbers. 

4. Thirteen fifths. Ans. 2f. 

5. Twelve sevenths. Ans. If. 

6. Nineteen eighths. Ans. 2f . 

7. H- Ans. 2if 

8. ff . Ans. 3. 

9. fj. ANs.2ii. 

10. V. Ans. 7f 

11. Change ff to a mixed number. Ans. 5^^. 

12. Change V^ to a mixed number. Ans. 1\% 

13. Change ^ to a mixed number. Ans. 8ff • 

14. Change f f||. Ans. 5. 

15. Change 4$» Ans. 144. 
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SECTION V. 

Change of Mixed Numbers, 

To change a mixed namber to ao improper fractien. 
Multiply the whole number by the denominator of the 
fraction^ and to the product add the numerator. 

1. Change 5$ to thirds. 5 X 3 -|-^=» 17. Anb. V 

2. Chaogo 12 j- to an improper fraction. Ans. ^I^. 

3. In 35j how many fourths ? Ans. ^^< 

4. In 78^ how many thirds! Ans. 'f < 

5. Change 34^^ to seventeenths. Ans. ^, 

6. Change 64^ to an improper fraction. Ans. ^f ^. 

7. Change275f to an improper fraction. Ans. ^V^< 
Change the following mixed numbers to improper 

fractions. 

8. 64|. Ans. »$*, 

9. 69^^. Ans. 4» 

10. 75|. Ans. ^i^, 

11. 123^. Ans. ^V^ 

12. 157f Ans. »V' 

13. 450ff. Ans. *ff «, 

14. 97tV -^"s- *H® 

15. 45^. Ans. V^, 

SECTION VI. 
Change of Denominator, 

To change a fraction to its highest denominator. 
Divide both terms of the fraction by any number that 
win divide them without a remainder. 

1. Change ^ to its highest denominator. 

8 and 12 may be divided by 4. Ans. ^ 

2. Change ^f to its highest denominator. Ans. |. 

•a 
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Note. This opentioii has been usiull j eaUed " redm- 
eing fractions to ikdr lowest terwu** bat it is more impor- 
taot to consider fractions in relation to the vaiue of the 
parts which thej express, than to regard the abstract 
nambers of which thej are composed. 

3. Change f^ to its highest denominator. Ahs. f . 

4. Change ^ff to its highest denominator. Ams. •^. 

5. Change f|^ to its highest denominator. Ans. ^. 
Express the following fractions with their highest de- 
nominators. 

6. m. Ahs. f. 9. |ff . Ans. f . 

7. tJJ. Ans. f. 10. m. Ans. i|. 

8. 1^. Ans. if. 11. ^^. Ans. i^. 



SECTION VII. 

Common Denominator. 

When the denominators of two or more fractions are 
alike, they are said to have a common denominator. 

To change fractions having different denominators, to 
fractions of equal value, having a common denominator. 

Multiply aU the denominators together for a coaunon 
denominator. 

Multiply each numerator by the denominators of all the 
other fractions, and place the result over the common de- 
nominator. 

1. Change i, f and f to fractions of equal value, hav- 
ing a common denominator. 

2 X 3 X 5=: 39, the common denominator. 

1 X 3 X 5 OS 15, the numerator of the first fraction. 

2 X 2 X 5s=s20, numerator of the second fraction. 

3 X 2 X 3 SB 18, numerator of the third fraction. 
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2. Change |, |^ and f to a common denominator. 

3. Change %, ^ and ^ to a common denominator. 

ANS. ^X) > Sfo ' '880' 

4. Change |, f , f and f to a common denominator. 

-'VNo* TlTa » Tafoj TztT* TlTo' 

It sometimes happens that fractions may be changed to 
a higher common denomituUor than the one obtained bj 
the last method. Any number which is divisible by each 
of the denominators without a remainder, is a common 
denominator. 

In the second example the number 24 is divisible by 
each denominator without a remainder ; 24 then is a 
common denominator. The numerators may be found 
by dividing the common denominator by the denominator 
of each fraction, and multiplying the quotient by the nu- 
merator. 

24 -7- 4 X 3 = 18, for the first numerator. 
24 -7- 6 X 5 = 20, " second 
24 — 8X7 = 21, " third 

Change f, f, j> and ^^ to their highest common 
denominator. 

To find the highest common denominator ; 

Divide two or more of the denominators hy any number, 
that will divide them without a remainder. Continue to 
divide till tio two of the denominators or quotients can he so 
divided. Multiply the divisors and quotients together, 
and the product will be the greatest common denominator 

3) 6 8 9 12 

2) 2 8 3 4 

2) 1 4 3 2 

12 3 1 



<c 
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3X2X2X2X 3»=72. the higlMBst conmon de- 
nomioator. 

72-7-6X5=60, the numerator of the first fi'action. 
72 -7- 8 X 3 «= 27, the numerator of the second fraction. 
72-^-9 X 7 t=s 56, the numerator of the third fraction. 
72 -7- 12 X 11 «=66, the numerator of the fourth fraction. 



CHAPTER II. 

SEcrriON I. 

Addition of Fractions. 

Change the fractions to a common denominator; then 
add their numerators, and place the result over the com' 
mon denominator, 

1. Add together ^ and j. 

i = t; i=f ; I and 4=1^= If Ans. 

2. What is the sum of ^, f and { 7 

12 is a common denominator to these fractions, because 
12 is divisible by 2 3 and 4. 

J=t12-> S*=t%-J I*==A- 
i^ir + A + A= e= !«. Ans. H^. 

3. Add J, f , §, i and f . Ans. 3f . 

4. What is the sum of J, ^ and ft Ans. 2^. 

5. Add together 2|, 3f and 4|^. Ans. ll^V* 
Add the whole numbers and fractions separately. 

'^ How many inches in 2^, 3^, 4|, 5| and 6j^ inches 1 

Ans. 23^ inches 
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7. How many feet in 7^, 8|, lOf, 18$ and 13| feet? 

Ans. 52f feet, 

8. How many yards in 5|, 4$, 4^ and ^ yards 1 

Ans. 15 yards. 



SECTION II. 

Subtraction of Fractions. 

Change the fractions to a common denominator, and 
subtract one numerator from the other, 

1. Subtract ij- from |. 

Change the fractions to thirty-fiflhs. 

f = f?.andf=fi. fi minus f| = ^. Ans. ^. 

2. What is the difference between § and | ? 

Ans. i^» 

3. From 10| take 7^. 

Note. Change f to twentieths. Ans. 3/^. 

4. From 29|f dollars take lOJ dollars. 

Ans. 19-^ dollars. 

5. What is the difference between ^ of a yard and -j^f 
of a yard ? Ans. /^ of a yard. 

6. From a board 26 feet long, a carpenter cut 19^ 
feet and 4f feet. How much remained ? Ans. 2i ft. 

7. From a piece of cloth measuring 23|^ yards, were cut 
three suits of clothes, 3^ yards each suit. How many 
yards were lefl? Ans. I3f yards. 

8. Which is the greater, f$ or $f ? 

Ans. ff is greater than ff by fff. 

9. What is the difference between ^^ of a dollar and 
§ of a dollar ? Ans. -^ of a dollar. 

10. From f of a yard subtract f of a foot. 

} of a yard, or } of 3 feet = 2 feet. Ans. 1.^ ft. 
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SECTION III. 

Multiplication of Fractions, 

To multiply a fraction and whole number together. 

Multiply the numerator of the fraction hy the whole 
number : or divide the denominator, when it can be done 
without a remainder, 

1. Multiply f by 3. 7X3 ==521. Ans. V =^f 

2. Multiply tt by 4. 

In this example the denominator can be divided by 4. 

16-^4«4 ANs.f = lJ. 

3. What is f of 12 ? Ans. 4f 

4. What is ^^ of 15 ? Ans. ejf . 
6. What is ^ of 25? Ans. 1. 

6. Multiply 100 by ^. Ans. 16. 

7. What is ^ of 100 ? Ans. 16. ; 

8. Multiply 7J by 7. Ans. 53f . 

9. How many yards of cloth in 8 pieces, each piece 
measuring 23f yards t Ans. 190 yards. 

10. How many feet long is a row of 9 houses, each 
measuring 25f feet in front? Ans. 231 feet. 

In the following examples the fraction may be multi- 
plied by dividing the denominator. 

1 1 . Multiply Ji by 5. i| X 5 = y = 3f . Ans. 

12. Multiply f f by 16. Ans. 5. 

13. How much is 8 times 10^ ? Ans. 82^. 

14. Multiply ^ by 25. Ans. 2^. 

15. What is the product of ^ multiplied by 12? 

Ans. 1i^. 
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SECTION IV. 

Mtdtiplicatwn of FVactians. 

To multiply two or mote fractions together. 

Multiply the nwmemtars together fw the nufner0stor of 
the product; and the denominators together for the denom^ 
inator of the product, 

h Multiply ^, %, I, and f together. 

1 X 2 X 3 X 4 IS 24 the numerator. 

2 X 3 X 4 X 5 1= 120 the denominator. 

2. Multiply i hy f . An8. g^. 

3. What is f of JJ ? Ans. J. 

4. What is i of V ^ Ans. 1. 
The " multiplication of fractions " is in &ct division ; 

and some of the operations may actudly be performed 
by division. In the last example, the numerator 27, may 
be divided by 3. The next example is the same as the 
last. 

5. Divide «/ by 3. Ans. 1. 

6. What is f of f* ? 

See what one sixth is, then | will be 5 times as much. 

Ans. f ^ = J. 

7. Multiply f , f , f and f together. Ans. ^. 

8 What is the product of | of | multiplied by f of |^ ? 

Ans.Vit. 
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SECTION V. 

Division of Fractions. 

To divide a whole number by a fractiDn : that is, to 
find how many times a fraction is contained in a whole 
number. 

Multiply the whole number by the denominator and 
divide the product by the numerator, 

1. Divide 12 by f, that is, see how many times f are 
contained in 12. 

12 X 4 -T- 3 = 16. Awrs. 16 times. ' 

2. How many times are f of a dollar contained in ten 
dollars 7 Ans. 25 limes. 

3. At I of a dollar a yard, how many yards of cloth 
can be bought for 15 dollars? Ans. 40 yards. 

4. If a man can travel 7f miles in an hour, how long 
will it take him to travel 35 miles ? Ans. 4ff hours. 

5. How many rods are there in 54 yards ? 

Ans. 9^ rods. 

6. How many rods in 346J^ feet ? Ans. 21 rods. 



SECTION VI. 

Division of Fractions, 

To divide a fraction by a fraction ; that is, to find how 
many times one fraction is contained in another. 

Multiply the numerator of the dividend by the denomi' 
nator of the divisor, for the numerator of the quotient, 
27ien multiply the denominator of the dividend by the 
numerator of the divisor, for the denominator of the quo* 
tient. 
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1. Divide J by f ; that is, see how many times § arc 
contained in ^. f the divisor ; ^ the dividend. 

7 X 3=21, numerator. 8 X 2 = 16, denominator. 

Ans. f^=lyV 

2. IIow many times are f contained in ^2 ^ 

Ans. If. 

3. How many times are \^ contained in -}^f ? 

AnS». lyf-^. 

4. Into how many pieces can a board 3f feet long be 
cut, each piece measuring f of a foot? Ans. 5 pieces. 

If the fractions have a common denominator ^ one nu- 
merator may he divided by the other. 

In the last example 3J are equal to ^/ ; and f are 
contained in ^^ five times. 

5. In 4|^ yards, how many times f of a yard 1 

Ans. 13 times. 

A'fractional part of any number being given, to find tliQ 
whole number. 

This is the same, in principle and operation as the last 
examples. 

1. 10 is f of what number? 

10X8=80-T-3 = 26f. Ans. 26f. 

2. ^ are § of what number ? Ans. y^-. 

3. f of a dollar are f of how many dollars? Ans. 1^. 

4. To how many persons can I give 5 dollars, if each 
one receives -f^ of a dollar ? 

5 dollars are equal to f f ; and -^ are contained in f g- 
16 times. Ans. 16 persons. 

5. Into how many pieces, each l|^ feet long, can a 
board he divided, ^V of the length of which are equal to 
five of the pieces? Ans. 25 pieces. 

3 
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6. What is the length of a board f of which measures 
15f feet? Ans. 26 J feet. 



SECTION VII. 

To find the ratio of two fractious, or of a fraction and 
whole number : that is to find what part of one frac- 
tion or whole number, another fraction is. 

Change all the numbers to fractions having a common 
denominator ; and the numerators will express the propor* 
Hon. 

1. What part of I is f ? 
Chanprft thpm to twenty-fourths. 

i =H ; and § = I5.. Ans. if. 

2. What part of 2 feet are f of one foot? Ans. y^. 

3. What part of a foot are f of an inch ? Ans. ^V* 

4. What part of a yard are 2J feet ? Ans. f . 

5. What part of a rod is one yard and a half? 

Ans. -jSj.. 

6. What part of a rod are three feet ? Ans. -j^. 

7. What part of a mile are 20^ rods? Ans. /^. 

8. What is the ratio of 2^ to 7? Ans. t^. 

9. What is the proportion of 3^ to 8 ? Ans. ^. 

10. What part of 13 is | ? Ans. y^y. 
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DECIMALS. 



SECTION I. 

In Decimal Fractions, the denominators are tenths, 
hundredths, thousandths, &c. The denominators are not 
usually expressed in figures ; the numerators only being 
written, with a point or period at the left^ to distinguish 
them from whole numbers. 

The first figure on the right of the point is tenths, the 
second hundredths, the third thousandths, &c. decreasing 
in a tenfold ratio. Thus, 

Three tenths .3 s= ^, 

One tenth, and four hundredths,) |. .- 

or fourteen hundredths. ) ^^" 

Two tenths, three hundredths and ) 

four thousandths, or two bun- > .234 = /(y^^^. 

dred thirty-four thousandths. j 
Five thousand seven hundred sixty- ) eryfta stba. 

eight ten thousandths. J -^'w— -j^jj^^V 

In the following table the names of the decimals are 
expressed as far as bill ion ths. 
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It will be perceived that the denominator of a deci- 
mal fraction is a unit with zeros annexed ; and that the 
number of zeros corresponds to the number of figures in 
the numerator. Thus in the decimal .25;397, the denom- 
inator is 1 with iive zeros = 100000. The fraction is 
twenty five thousand three hundred ninty-seven, one hun- 
dred thousandths = y2^y^^^V 

Write the following decimal fractions in figures. 

1. Six tenths. 

2. Twenty-five hundredths. 

3. One hundred and two thousandths. 

4. Nine hundred eighty-seven thousandths. 

5. Eight tenths. 

6. Sixteen hundredths. 

7. Two hundred thirteen thousandths. 

8. Seven hundredths. 

9. Four thousandths. 

10. Thirty-four thousandths. 

11. One tenth and two hundredths. 
12.» Twelve hundredths. 

13. Two tenths, throe hundredths, and four thousandths. 
14 Two hundred thirty-four thousaqdlhs, 
15. Five tenths. 
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16. Five huDdredths. 

17. Five thousandths. 
IS. Five ten thousandths. 

19. Five one hundred thoasandths. 

20. Five millionths. 

21. What is Ihe sum of the first ten of the above ex- 

amples? ' Ans. 3.220. 

22. What is the sum of the last ten of the above ex- 

amples? Ans. 1.263555. 

Decimal Fractions decrease from left to right in the 
same ratio as whole numbers, and are governed by the 
same principles. Therefore Addition, Subtraction, Mul- 
tiplication and Division of Decimals are the same as in 
whole numbers. Att ntion must be paid to placing the 
decimal point. 

Write the following whole numbers and decimals in 
figures. 

1. Two, and five tenths. 

2. Three, and six hundredths. 

3. Five, and twenty-five thousandths. 

4. Ten, and nine tenths. 

5^ Nine, and nineteen hundredths. 
6. The amount of the last five examples is thirty, and 
six hundred seventy-five thousandths. 30.675. 



SECTION II. 
Change of Common Fractions to Decimals. 

Annex zeros to the numerator , and divide the product 

hy the denominator. 

•3 
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1. Change f to a decimal. 

4) 100 

.25 Ans. .25. 

2. Change the following common fractions to decimals. 
^ = .5; i = .75; f=.6; J=875. 

Express the fractions in the following numbers in dec** 
imals. 

3. Twelve, and one half. Ans. 12.5 

4. Six, and one quarter. Ans. 6.25 

5. Eighteen, and three fourths. Ans. 18.75 

6. Five, and three eighths. Ans. 5. 375. 



SECTION III. 
Addition of Decimals. 

Place the decimals, tenths under tenths, hundredths un- 
der hundredths, S^e, and perform the addition as in whole 
numbers : from the result separate as many figures for 
decimals as are equal to the greatest number in any of the 
given fractions, 

1. Add together seven tenths, fourteen hundredths, 

and thirteen thousandths. 

.7 
.14 
.013 



.853 thousandths. 



2. Add together two and five tenths, three and twenty- 
fire luindredths, and four hundred fifty-six thousandths. 

Aks. 6.206; 
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I 

3. Add together 24.16, 85.213, 27.08, and 9.231. 

Ans. 145.684. 

4. Add together, 2^ feet, 4^ feet, 5^ feet, 6| feet, 
and 7| feet. Change the fractions to decimals. 

Ans. 25.875. 

5. How many are lOJ, 5f, 6 J, 4 J and 2^? 

Ans. 29.65. 

6. How many feet are there in four hoards measur- 
ing 35i feet, 27^, 40f , and 60J feet ? 

Ans. 163.925 feet 



SECTION IV. 
Subtraction of Decimals, 

Subtract as in whole numbers ; and separate the deci- 

mat places as in addition, 

1. What is the difference between five tenths, and 

fire hundredths? 

.5 
.05 



.45 

Ans. 45. 

2. Subtract seventy-five hundredths from nine tenths. 

Ans. .15. 

3. How much more is one tenth than one thousandth t 

Ans. .099. 

4. From fifty hundredths, take fifty thousandths. 

Ans. .450. 

5. From one hundred, and fifty-four hundredths, sub* 
tract one hundred,and fifty-four thousandths. 

Ans. .486. 
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6. Subtract five hundred twentj-fire thousandths from 
two hundred fiAeen. Ans. 214.475. 

7. Take three, and seven tenths, from six, and nine 
hundredths. Ans. 2.39. 

8. From a board 25. 873^feet in length, a carpenter 
cut off a piece which measured 9.876 feet ; how much 
remained? Ans. 15.997 feet. 

9. From a farm containing 25 acres, a farmer sold 
three tenths of an acre more than one half of the whole, 
how much had he left? Ans. 12.2. 



SECTION V. 

Multiplication of Decimals. 

Multiply as in whole numbers ; and from the right of 
the product separate as many decimals as are equal to 
the decimals in both factors, 

i. Multiply five tenths by four tenths. 

.5X4= .20. Ans. .20. 

2. Multiply eight and seven tenths by nine and eight 
tenths. Ans. 85.26. 

3. Multiply two and fifteen hundredths by one and three 
tenths. Ans. 2.795. 

If there are not as many figures in the product as are 
equal to the decimals in both factors, supply the deficiency 
by prefixing zeros, 

4. Multiply four tenths by fourteen hundredths. 

4 X .14= .56. as there are three decimals in the two 
factors, the product must contain three also. A zero must 
be prefixed to the product. Ans. .056. 



DECIMALS. 33 

5. At three cents per foot, how much will 387.51 
feet of boards come to ? 

One cent is one hundredth of a dollar; three cenis are 
three hundredths of a dollar = .03. Ans. $11.6253. 

6. What is the cost of painting a room containing 
258.72 square yards, at 12^ cents per yard ? 

Ans. $32.34. 

7. What will be the expense of glazing 54 windows, 
each having 12 lights, at .125 of a dollar per light 1 

Ans. 81 doJars. 



SECTION VI. 
Division of Decimals. 

Divide as in tohole numbers, and from tht right of the 
quotient separate as many decimals, 'as the uumber of 
decimals in the dividend exceed those in the divisor. If 
the quotient does not contain the requisite number of fig* 
ures, supply the drficiency by prefixing zeros, 

1. Divide 18.25 by 5. Ans. 3.65. 

2. Divide 3.75 by 3. Ans. 1.25. 

3. Divide 264.75 by 2. 5. Ans. 10 .9. 

4. If 2.25 yards of cloth will make a coat, how manj 
coats may be made from twenty>seven yards ? 

Ans. 12 coats. 
If the jaumber of decimals in the divisor and divi- 
dend are equal, the quotient is a whole number. 

5. Divide 88.2 by 9.8. Ans. 9. 

6. How many thousands of boards at 1^ dollars per 
thousand, can be bought for $385.75 cents ? 

X . Ans. 54, 
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7. At S^ cents per foot, how many feet of mahogany 
can be bought for eighteen dollars 27^ cents ? 

Asa. 215 feet. 

8. How many square yards of painting at 8^ cents per 
yard can be done for 815.26^^ ? Ans. 185 yds. 

9. How many feet of timber at $0,205 per foot, may 
be bought for 37 dollars 72 cents! Ans. 184 feet. 



CHAPTER IV. 
DUODECIMALS 



Arithmetical operations upon Feet, Inches, and Twelfths 
are called Duodecimals; because the denominators in- 
crease in a twelvefold ratio. 

SECTION I. 
Addition of Duodecimals. 

Add as in whole numbers, and divide the sum of each 
denomination f except fed, by 12. 

1. Add together 3 feet 6^ inches; 4 feet 3^ inches^ 
and 6 feet 4| inches. 
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Change the fractions of inches to twelfths. i = 6 
twelfths, i = 3 twelfths, J = 9 twelfths. 

Feet. inches. 12ths. 

3 6 6 

4 3 3 
6 4 9 



14 



Ass. 14 feet "2^ inches. 
The fractions of inches may be added by changing 
them to fourths. 

2. What number of feet are there in four boarc!8, 
the first measuring 24 feet 4^ inches ; the second 21 feet 
&J- inches ; the third 19 feet 6^ inches ; and the fourth 25 
feet 7| inches ? Ans. 91 feet 3yV inches. 

3. How many feet are there in 1 5J feet, 24 feet 6 inches, 
13f feet, and 56 feet 9 inches? Ans. llOf feet. 

4. How many feet are 25f feet, 72 feet 6| inches, 
90 feet 6^ inches, 100 feet i inches, and 35| (eoi ? 

Ans. 324 feet. 



SECTION ir. 
Subtraction of Duodecimals. 

Subtract as in tchole numbers. If a number be less 
than the one below it^ increase it by 12 ,• then diminish 
the next upper number by 1. 
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1. From 13 feet 10| inches, take 4 feet 8^ inchesr. 
Feet. in. r2tlis. 

(3 10 8 

4 8 6 



9 



o 



Ans. 9 feet 2^ inches. 
3. Subtract 7 feet 9J inches, from 10 feet 8^ inches. 

Ans. 2 feet lOf inches. 
3. Prom a timber 42 fe(?l f)|^ inches in length, a car- 
penter sawed off 1 1 feet 9^ inches, how much remain- 
ed ? Ans. 30 feet 9^ in. 

4« What is the difference between 37. yards 2| feet, 
and 37 feet 2f inches ? Ans. 76 feet 6^ in. 

5. From a board 28 feet 9^ inches in length, a piece 
was cut off measuring 13|^ feet, how long was the part 
left? Ans. 15 feel ^ inch. 

6. From a mast 205 feet long, a part was broken off; 
the remaining part measured 35J yards, what was the 
length of the broken piece ? and what part of the whole 
mast was it? Ans. 97| feet, ffi- of the whole. 



SECTION lit. 

MultipUcaiion of Duodecimals. 

Multiply as in whole numhers ; and divide the product 
cf each di nomination hy \2\ txcrpt in multiplying feet 
by feet ; then add the several products. 
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1. Multiply 4 feet S^iDches by 2 feet 7^ inches. 

Change the fractions of inches to twelfths, j^ is 3 

twelfths ; ^ is 6 twelfths. 

feet. in. 12ths. 
4 5 6 
2 7 3 





1 


1 


4 


6 


2 


7 


2 


6 




8 


11 









11 


7 


3 


10 


6 



1 1 Square feet and -^ y|^ y^^ 2Trf tb" ^^ * square 
foot. Ans. 11 square feet, 87f square inches. 

In this example the first number on the leil of the re- 
sult is 11 square feet, the second number 7, is not inch- 
es ; but twelfths of a square foot. One twelfth of a 
square foot is 12 square inches, and seven twelfths are 
84 square inches. The third number 3, is three one 
hundred forty-fourths of a foot, three square inches, 
Which added to 84 square inches are 87 square inches, 
the fourth number is twelfths of a square inch, and the 
fiflh is one hundred forty-fourths of a square inch. 

2. Multiply 2 feet 6} inches by 5 feet 8^ inches. 

Ans. 14. 85^ square feet. 

3. Multiply 8 feet 2| inches by 4 feet 8^ inches. 

Ans, 38^ sq. feet. 

4. Multiply 21 feet 6^ inches by 7 feet 9f inches. 

Ans. 167 sq. feet 57^ sq. inch. 

5. Multiply 2 feet 3^ inches by 5 feet 6^ inches. 

Ans. 12 sq. feet, 84^ sq. inches. 

6. What is the product of 6 feet 8§ inches multiplied 

by 7 feet 9J inches. Ans. 52 sq. feet, 74^ sq. inches. 

4 
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7. What is the length of a fence enclosing a square 
each side of which is 17 feet 9 j inches ? 

Ans. 71 feet, 1^ inches. 

8. How many square feet are there in 9 boards, each 
measuring 23 feet 7^ inches? 

Ans. 212 sq. feet 9f in. 
In the last two examples the multiplier is an integer, 
or whole number, and the denominators of the multipli- 
cand are not reduced. 



SECTION IV. 

Division of Duodecimals. 

Divide each denomination as in whole numbers, MuU 
tiply the remainder ^ if any^ hy 12, and to the product 

add the next denomination, and divide as before. 

1. Divide 14 feet 3J inches by 5, 

Ft. in. 12ths. 

5) 14 3 3 

2 10 3 



Ans. 2 feet 10^ inches. 

2. Divide 17 feet 4| inches into 8 equal parts. 

Ans. 2 feet 2yL. inches. 

3. From a board 23 feet 7^ inches in length, a car- 
penter cut one third of it, how much did the piece re- 
maining measure ? Ans. 15 feet 8|^ inches. 

4. A man wishes to cut a board, measuring 21 feet 8f 
inches in length, into four equal parts ; how much will 
each piece measure ? Ans. 5 feet, 5^ inches. 
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5. Divide a piece of land containing 5225 square feet 
10 square inches, into seven eqaal parts, bow many feet 
will each piece contain 7 Ans. 32 sq. feet, 22 sq. in. 

Note. — After dividing the feet by 7 the one sq. foot 
remaining is = 144 square inches. 

6. What part of 1 foot is 9 inches t Ans. |. 

7. What part of 1 foot 3 inches is 6 inches. 

Ans. f . 

8. What part of 6 feet 8 inches is 3 feet 9 inches ? 

Ans. ^. 

9. Divide 16 feet 3|^ inches by 5 feet 5^ inches. That 
is, find how many titties the one is contained in the other. 

Change them to fourths. Ans. 3. 

10. Into how many pieces of 3 feet 6f inches each, 
can a board be cut, which measures 17 feet 9f inches 7 

Ans. 5 pieces. 



CHAPTER V. 
INVOIiUTIOjr 



SECTION I. 

Involution is the continual multiplication of the prod- 
uct of some number by itself. 

The number itself is called the jf^rs^ power or root: 
and the successive products are called the second, third, 
fourth powers, 6lc, 

1. Thus let 5 be the first power or root. 

5 X 5 = 25 the square or second power. 
5 X 5 X 5= 125 the cube or third power. 
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EFOLUTION. 



5X6X5X 

2. What is the 

3. What is the 

4. What is the 

5. What is the 

6. What is the 

7. What is the 

8. What is the 



5 = 625 the biquadrate or fourth power, 
square or second power of 25 ? 

Ans. 625. 



square of 75 7 
square of 245 ? 
cube of 95 ? 
cube of 123 ? 
biquadrate of 25 ? 



Ans. 5625. 

Ans. 60025. 

Ans. 857375. 

Ads. 1860867. 

Ans. 390625. 



square, cube, and biquadrate of 125 ? 

Ans. square 15625. 

cube 1953125. 

biquadi-ate 244140625. 

Table of Powers. 



Roots or 
First Powers. 


1 


2 


8 


4 


6 


6 


7 


8 


9 


10 


Squares or 
2nd. Powers. 


1 


4 


9 


16 


25 


86 


49 


64 


81 


100 


Cubes or 
Sd Powers. 


1 


8 


27 


64 


125 


216 


843 


512 


729 


1000 


Biqoadratesor 
4th. Powers. 


1 


16 


81 


256 


626 


1296 


2401 


4096 


6561 


10000 



SECTION II. 

Evolution : or Extraction of the Roots. 

Evolution is finding the root or first power of any giren 
number. 

Thus, 5 is the square root or first power of 35. 9 is 
the cube root or first power of 729. 
^e- operation of finding the first power is called 
*' Extracting the root." 
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This principle is of great practical utility in its appli- 
cation to the laws of philosophy and mechanics. 



SECTION III. 

Extraction of the Square Root, 

1. What is the square root of 1225 ? 
Point off successively every two figures in the given 
number beginning at the right ? 

12.25 
Find the greatest square in the left hand period, sub- 
tract it therefrom, and place its root in the quotient. 

12.25 (3 
_9 
3 
Bring down the next period to the right of the remain- 
der, for a new dividend, and double the quotient for a 

new divisor. 

12.25 (3 

9 



6) 325. 
Find how many times this divisor is contained in the 
qrst two figures of the dividend, place the result in the 
fiuotient and also at the right of the divisor. 

12.25 (35 
9 

65) 325 

Multiply the divisor by the second figure of the quo- 
tient and subtract the product from the dividend. 

12.25 (35 
9 

65) 325 

325 
♦4 
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W%m there are more figures in the dividend, bring doton 
each successive period, and proceed as before, 
2. What is the square root of 256 ? 
2.56 (16 
I 

26) 156 

156 Ans. 16. 



3. What is the square root of 676 ? 
6.76 (26 
4 



46) 276 

276 Ans. 26. 



4. What is the square root of 9801 ? 

98.01 (99 
81 



189) 1701 Ans. 99. 

1701 



5. Extract the square root of 5625. Ans. 75. 

6. Extract the square root of 105625. Ans. 325. 

7. What is the square root of 213444 ? Ans. 462. 

8. What is the square root of 425104 ? Ans. 652. 

9. What is the square root of 633616 ? Ans. 796. 
JO. Find the square root of 974169. Ans. 987. 

11. Find the square root of 10726625. Ans. 3275. 
J2. What is the square root of 21455424. 

Ans. 4632. 



SECTION IV. 

Square Root of Fractions, 
Change the fractions to their highest denominators, them 
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extract the square root of the numerator, and the square 
root of the denominator, and they mil express the square 
root of the fraction. 

1. What is the square root of ^f ? Ans. il = i- 
: 2. What is the square root of -^^^. Ans. H = '5- 

8. What is the square root of ^^, Ans. i^ «= f- 



SECTION V. 

Extraction of the Cube Root. 

To extract the cube root of any given number. 
Separate the number by pointing off successively three 
figures beginning at the right, 

1. What is the cube root of 42875 ? 

42.875 
From the left hand period subtract the greatest cube it 
contains, and place its root in the quotient, 

42.875 (3 The greatest cube in 42 is 
27 27, the root of which is 3. 

l5~ 
Bring down the first figure of the next period and place 
it at the right of the remainder for a new dividend. 
Multiply the square of the quotient by 3, for a new divi- 
•or ; and in the quotient write the number of times it is 
contained in the dividend. 

42.875 (35 The square of 3 is 9 ; and 
27 3 times 9 is 27. 

27)158 

135 27 is contained in 158, 5 times. 

— — — ' 

Sabtraot the cnbe of the quotient from the first iiA) 
periods of the dividend. 
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CUBE ROOT. 



Thfe cube of 35 is 42875, there wiU then be no re- 
mainder ; and as there are no more figures in the divi- 
deqd the work is completed, and 35 is the cube root 
required. 

2. What is the cube root of 12812904 ? 

12.812.904 (234 12 is contained in 48 4 

8 times ; but the cube of 24 is 

io T^ greater than the first two 

^" )^® periods of the dividend; it 

must therefore be diminish- 
ed, and 23 must be used. 

1567 ) . 6449 '^^^ second divisor is ob- 

11 tained by multiplying the 

12812904 square of 23 by 3. 

23 X 23 X 3 = 1587. 
Ans. 234. 

3. What is the cube root of 44361864 ? 

44.361.864 (354 
27 

27 ) 173 



12167 



42875 



3675 ) 14868 



44361864 Ans. 354. 

4. What is the Cube Root of 673873097125 ? 

Ans. 876 > 



SECTION VI. 

Cube Root of Fractions. 

Change the fraction to its highest denominator, then ex- 
tract the root of its numerator, and the root of its denom- 
inator^ and they will express the cube root f(f the fraction. 

1. What 18 the cube root af ^ ? 
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The cube root of 27 js 3, and the cube root of 125 is 5. 

Ans. f . 

2. What is the cube roqt of Iff Ans. |^. 

3. Extract the cube root of -^. 

This fraction may be changed to a higher denomina- 
tor. 54 divided by 2 is 27 ; the cube root of 27 is 3. 
432 divided by 2 is 216; the cube root of 216 is 6. 

Ans. f — i- 



SECTION VII. 

Proportionals, 

A. To find a mean proportional between two num* 
bers. 

Multiply the two numbers together, and the square root 
of the product is the proportional required, 

1. What is the mean proportional between 8 and 18? 
18x8 = 144, the square root of which is 12. Ans. 12. 

2. What is the mean proportional between 12 and 
27? Ans. 18. 

3. What is the mean proportional between 27 and 75 ? 

Ans. 45. 

4. Find the mean proportional between 7^ and 30. 

Ans. 15. 

5. Find the mean proportional between 64 and 100. 

Ans. 80. 

6. What is the mean proportional between 72 and 
128 ? Ans. 96. 

7. What is the mean proportional between 135 and 
875? Ans. 225. 

B. To find a proportional to the less of two Qumbers, 



\ 
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Divide the square of the less, by the greater number ^ 
the quotient will be the proportional required. 

1. What is the less proportional to 12 and 18 ? 

12 X 12 = 144 -i- 18 = 8 the less proportional. 

2. What is the less proportional to 36 and 54 ? 

Ans. 24. 

3. What number bears the same proportion to 40, that 
40 bears to 64 ? Ans. 25. 

C. To find a proportional to the greater of two numbers. 
Divide the square of the greater by the less number, the 

quotient will be the proportional required. 

1. What is the proportional greater to 9 and 15? 
15 X 15=225 -^9=^ the greater proportional. 

2. What is the proportional to the greater of 12 and 
18? Ans. 27. 

3. What number bears the same proportion to 40 
which 40 bears to 25 ? Ans. 64. 

D. To find a fourth proportional to the hast in a se- 
ries of three numbers. 

Divide the product of the first. two by the last number^ 
the quotient will be the proportional. 

1. What is the fourth less proportional to 5, 8, and 
12? 5X8 = 40-r-12 = 3i. Ans. 3^. 

2. What is the fourth less proportional to 9, 18 and 
27 ? Ans. 6. 

3. What number is in the same proportion to 1 2 which 
27 is to 36 ? Ans. 9. 

E. To find a fourth proportional to the greatest in a 
series of three numbers. 

Divide the product of the last two by the first number^ 
the quotient will be the proportional required. 
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1. What is the fourth greater proportiowaF to 13, 15 

and 20 1 20 X 15 =300 -r 13 = 23^^. A ns. 23^3 . 

2. What is the fourth greater proportional to 15, 18 

and 25 1 Ans. 30. 

3. What number bears the same proportion to 3<l 
which 12 bears to 16 ? Ans. 27. 



CHAPTER VI. 



SQUARES OF NUMBERS. 



SECTION I. 

To find the sum of the squares of two numbers without 
finding the squares of either. 

2^0 twice the product of the two numbers, add the square 
of their difference, 

1. What is the sum of the squares of 7 and 17? 
17 X7X 2 = 238 10 X 10=100 

233 -I- 100 = 338 Ans. 338. 

2. What is the sum of the squares of 13 and 25? 

Ans. 794. 

3. What is the sum of the squares of 88 and 98 ? 

Ans. 17348 
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4. What is sum of the squares of 125 and 175 ? 

Ans. 46250. 
Note. This principle is applied in finding the square 
of the hypothenuse of a right triangle ; the base and per- 
pendicular being given. 

5. Required the sum of the squares of 60 and 144. 

Ans. 24336. 



SECTION II. 

To find the difference of the squares of two numbers, 
without finding the squares of eithe^. 

The sum of two numbers, multiplied by their difference 
is the difference of their squares. 

1. What is the difference between the squares of 15 
and 25? 15 + 25 = 40; and 25 — 15= iO. 

40X10 = 400. Ans. 400. 

2. What is the difference between the squared of 35 
and 95 ? Ans. 7800. 

3. What is the difference between the squares of 224 
and 776 ? Ans. 552000. 

4. What is the difference between the squares of ^ 
and I ? Ans.^. 

This rule is very convenient in finding the square of the 
base or perpendicular of a right triangle. 

It is also applied in finding the difference of the areai 
of circles and squares. 

5. What is the difference between the squares of 73 
and 78 ? 72 + 78 = 150 X 6 = 900 Ans. 900. 



SQUARES OF NUMBERS. 49 



SECTION Il[. • 

To find the the prodact of the squares of two numbers, 
without finding the squares of either. 

Multiple/ the two numbers together, and that product by 
itself, the last is the product of the squares of the two 
numbers. 

1. What is the product of the squares of 4 and 12 ? 

12 X 4 = 48 X 49 = 2304 Answer. 

2. What is the product of the square of 15 multiplied 
by the square of 9? Ans. 18225. 

3. What is the product of the squares of 19 and 57 ? 

Ans. 1172889. 

4. What is the product of the square of 12 multiplied 
by the square of 5 ? 

12 X 5 =60 X 60 = 3600 Ans. 3600. 

5. What is the product of the square of % multiplied 
by the square of f ? Ans. J. 

Note. It will be perceived by the above examples, that 
the product of any two numbers is the square root of the 
product of their squares. 

5 
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CHAPTER I. 

QGOMBTRICAIi FIGURfiS AND DBFINTTIOirS. 

SECTION I. 

Lines and Angles. 

The science of Geometry demonstrates the principles 
of extension and magnitude ; and is applied to the meas- 
uring of lines, surfaces, and solids. 

The simplest idea in Geometry is a point ; which is 
defined to be, position without magnitude. 

A point is represented by a small dot. ( . ) 

The motion of a point prodaces a line, A line has 
only one dimension, namely, length, without breadth or 
thickness. 

The extremities and intersections of lines are points. 



LINES AND ANGLES. 
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A Straight Line. 



A Straight Line lies wholly in one direction, and is the 
shortest distance between two points. 



A Carved Line. 




A Curved Line is constantly and uniformly changed 
in its direction ; and is not the shortest distance between 
two points. 

Parallel Lines. 
Parallel Straight Lines. 



Parallel Curved Lines. 




Two or more lines which, extending in the same direc- 
tion, can never meet, are parallel lines. 



A Horizontal Line. 



A Line drawn parallel to the horizon is a called a hor- 
izontal line. 
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GEOMETRT. 



A Vertical Line. 



A Line draton perpendicular to the horizon is a Verti- 
cal Line. 

A correct idea of this line is important. It is frequent- 
\y described only as a perpendicular line. A line may be 
perpendicular in any direction. But a vertical line can 
be drawn only in one direction. A string suspendmg 
a weight at rest, represents a vertical line. All vertical 
lines are perpendicular ; hut all perpendicular lines are not 
vertical, 

CoiiTergiDg Lines. 



-. / 



Two or more lines, if extended in the same direction, 
approach each other, are Converging Lines, *'" 



LINES AND ANGLES. 
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Direiging Lines. 



Two or more lines extending in the same direction, 
which recede from each other, are diverging lines. 

Define and represent a Geometrical Point ; a Straight 
Line ; a Curved Line ; Parallel Straight Lines ; Parallel 
Curved Lines ; a Horizontal Line ; a Vertical Line ; 
Converging Lines ; Diverging Lines. 

Angles. 

An Angle. 




When two straight lines meet in a point, the space or 

opening between them is called an Angle. 
The space between A, B, C, is an angle. ' 
The point B is the vertex. The lines A B and B C 

are the sides of the angle. An angle is not determined 

by the length of the sides, bat by the spau between 

them. 
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OBOMETRT. 



A Right Angle. 




If the sides of an angle are perpendicular each to the 
other, they form a Right Angle, and the space or opening 
between them contains ninety degrees. 

The position of an angle does not affect its quality. If 
the sides be perpendicular, the angle is a right angle in 
whatever position it may be placed. 

An Acute Angle. 



LINES AND ANGLES. 
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An angle less than a right angle, is called an Acute 
Angle, and contains less than ninety degrees. 

An Obtuse Angle. 



An angle greater than a right angle, is called an Ob- 
tuse Angle f and contains more than ninety degrees. 

In the last two angles, the lines forming the sides are 
oblique each to the other. These angles are sometimes 
called Oblique Angles, 




The sum of all the angles which can be formed on the 
same side of a straight line, is equal to two right angles, 
or 180 degrees, the measure of half a circle. 
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The sam of all the angles which can be formed about 
a given point, or on both sides of a straight line, is eqaal 
to four right angles, or 360 degrees, the measure of a 
circle. 

A Spherical Angle. 




A Spherical Angle is formed bj lines drawn on a 
curved surface. 



TNIANGLES. 
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Define and represent an Angle ; a Right Angle ; an 
Acute Angle ; an Obtuse Angle ; how many right an- 
gles can be driiwn on the same side of a straight line ? 
How many on both sides ? 



SECTION II. 



Triangles , 

A Triangle. 




A figure bounded by three straight lines, and having 
three angles, is a Triangle, 

A Right Triangle. 




A Triangle that has one right angle is called a Right 
Triangle, 
A Triangle cannot have more than one right angle* 
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GEOUKTRT. 



The line A C, opposite the right angle, is the hjpothe- 
nnse. The line B C, is the base, and the line A B is the 
perpendicular. 

An Acute Trian^e. 




If all the angles of a triangle are acute, it is called an 
Acute Triangle, 

An Obtose Triangle. 




A triangle having one obtuse angle is called an Obtuse 
Triangle. 

A triangle cannot have "more than one obtuse angle. 

Triangles are also named from the comparative length 
of their sides. 



TRIANGLES. 
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An Equilateral Triangle. 




If the three sides of a triangle are equal, it is called an 
Equilateral Triangle, 

An equilateral triangle is also equiangular. 

An Isosceles Triangle. 





When two sides of a triangle are equal, and longer or 
shorter than the third side, it is called an Isosceles Trian- 
gle. 

A Scalene Triangle. 
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6E0METBT. 



If the three sides of a triangle are of unequal length, it 
is called a Scalene Triangle. 

A Spherical Triangle. 




Spherical Triangles are formed by lines drawn on 
curved surfaces. 

Describe and draw a Triangle ; a Right Triangle ; an 
Obtuse Triangle ; an Acute Triangle ; a Scalene Trian- 
gle ; an Equilateral Triangle ; an Isosceles Triangle ; a 
Spherical Triangle. Which of the three sides of a right 
triangle is the hypothenuse ? perpendicular ? base ? 



SECTION in. 



Quadrilaterals, 

Figures bounded by four straight lines are called 
Quadrilaterals. 



QUADRILATERALS. 
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Parallelograms, 

Parallelograms are quadrilateral figures, the opposite 
sides of which are equal and parallel. 

A Square. 




A Square is a parallelogram, having all its sides equal 
and all its angles right angles. 

An Oblong. 




An Oblong is a parallelogram having its opposite sides 
equal and parallel, and its angles right angles, 

6 
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GBOMCTRY. 
A Rhombus. 




A Rhombus is a parallelogram, having all its sides 
equal, its opposite sides parallel, but its angles not right 
angles. 



A Rhomboid. 




A Rhomboid is a parallelogram haying its opposite 
sides equal and parallel, and its angles not right angles. 



A Trapezoid. 



.^' 



.*" 



G' 



D 



A Trapezoid is a quadrilateral, having only two of its 
sides parallel. 
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A line drawn through the opposite angles of any plain 
figure, is a diagonal. The line D Q is a diagonal. 

A Trapeziom. 



A Trapezium is a quadrilateral, having noit^of its sides 
parallel. 

What are Ouadrilateral figures'? What are Parallelo- 
grams? Draw and explain the properties of a Square; 
an Oblong ; a Rhombus ; a Rhomboid ; a Trapezoid ; a 
Trapezium ; a Diagonal line. Which of these figures 
are parallelograms, and which are not ? 



SECTION IV. 
Multilateral Figures, or Polygons, 

Figures having many sides, are called MuUilaterals. 
They are also called Polygons, because they have many 
angles. 

Polygons which have equal sides and equal angles, 
are called regular polygons. Those which have not are 
called irregular polygons. 

A Pentagon htis Jive sides and^ve angles, 
A Hexagon has six sides and six angles. 
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A Heptagon has seven sides and seven angles. 
An Octagon has eight sides and eight angles. 
A Nonagon has nine sides and nine angles. 
A Decagon has ten sides and ten angles. 
An Undecagon has eleven sides and eleven angles, 
A Duodecagon has twelve sides and twelve angles. 

The number of sides and angles in a Polygon might be 
multiplied to infinity. It would then become a Circle. 

What are Multilateral figures ? Why are they called 
Polygons 1 What are are Regular Polygons ? Irregular 
Polygons ? What is a polygon with eight sides and eight 
angles called ? What is one with ten sides and ten 
angles called ? What is a figure with four equal 
sides and four equal angles called ? What is a figure with 
three sides and three angles called ? What is a polygon 
with an infinite number of sides and angles called ? 

A Circle. 

B 




A Circle is a regular polygon with an infinite number 
of sides and angles, all equally distant from the centre. 



DIAMETER AND RADIUS. 



es 



The cnrve line A B G D bounding the figure is called 
the periphery ^ or circumference. Tke space enclosed is 
^he Circle. 

Diameter and Radiiu. 

I 




A straight line drawn through the centre of a circle 
«nd dividing it into two equal parts, is the Diameter. 

The line D M is a Diameter. 

A line drawn from the centre to the circumference 
a circle is a Radius ; two or more are Radii. 

The line R S is a radius. The lines R M, R S, R T, 
and R D are radii. 

Chord and Arc. 
R 



6^ 
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A line drawn through any part of a circle less than a 
di&meter, is called a Chord, 
The line A C is a Chord. 

Any part of the circumference is an Arc of a Circle. 
The curve line A R C is an Arc, 



Sine and Versed Sine. 




A line drawn from the extremity of an arc perpendicu- 
lar to the radius or diameter is the Sine of an arc. 

The part of the radius or diameter uniting with the 
other extremity of the arc is the Versed Sine. 

The line S E is the Sine of the arc V E. 

The line V S is the Versed Sine of the arc V E. 



TANGBNT AND 0ECANT. 
Tangent and Secant 
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A straight line touching the circumference only in one 
point without the circle, perpendicular to the diameter 
is a Tangent. 

A straight line drawn through the circle, cutting the 
circumference in one or more points, is a Seccmi. 

The line T 6 is a tangent. 

The line S T is a Secant,. 

f 

A Semicircle. 




Half a circle is a Semicircle, A semicircle is bounded 
bj the diameter and semicircumference. 
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Quarter of a circle is a Quadrant. A quadrant h 
bounded bj two radii at right angles, and one fourth of 
of the circumference. 

A Quadrant 




Sectors. 





Any part of a circle greater or less than a quadrant, 
bounded by an arc and two radii, is a Sector, 



A SEGMENT. 



69 




A part of a circle, greater or less than a semicircle, 
boanded by a chord and an arc, is a Segment, 
The line A B C is an Arc. 
The line AC is a Chord. 

Concentric Circles. 




Two or more circles having the same centre on the 
same plane, are Concentric Circles, 
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An EDipns. 




An oval figare, boanded by a single carved line, the 
opposite points of which, are equally distant from the 
centre, is called an Ellipsis. 



COMPOUND FIGURES. 
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An Irregular Fignre. 




Figures which have unequal sides and angles are Ir- 
regular Figures. 

Compound Fignres. 




Figures which are hounded hy straight and curved 
lines are called Compound Figures, 

Draw and define a Circle ; Circumference : Diameter ; 
Radius; Chord; Arc; Sine; Versed Sine; Tangent; 
Secant; Semicircle. How is a Semicircle — a Quad- 
rant — a Sector and Segment hounded ? Draw Concen- 
tric Circles ; an Ellipsis ; an Irregular Figure ; a Com- 
pound Figure. 
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G£OM£TBI€AL PROBLEMS. 



SECTION V. 

PROBLEM T. 

To draw a line parallel to agiven straight line, at a 
given distance. 

C D 



^ — "n ^ - ' "v. 



-B 



At the given distance D from the line A B describe 
an arc of a circle ; at the same distance from another 
part of the same line, describe a similar arc ; draw a 

straight line touching these arcs without cutting them, 
and it will be parallel to A B. 



PROBLEM II. 



To draw a perpendicular from any part of a given 
line. 



G'X 




•p^ 



D 



PROBLEMS. 
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From the point C in the given line A B, describe an 
arc of a circle greater than a quadrant. From D to F, at 
the distance of the radius ^et off a part of the arc from 
D to E and from E to F ; from the points E and F de- 
scribe intersecting arcs at G ; draw a line from C to 6 
and it will be .perpendicular to A B. 



PROBLEM III. 

To bisect or divide a given line into two equal parts. 





At any distance greater than half of the given line A 
B with the points A B as centres, describe intersecting 
arcs above and below the given line ; draw a straight 
line between the intersecting arcs, and it will divide tha 

line A B into two equal parts. 

7 
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To 



PROBLEM IV. 

divide a given straight line into any number of 
aarts. 



equal parts. 
Divide the line A B into seven equal parts. 




From the points A, B, draw the lines A D and B C, in- 
definitely, parallel to each other. On them, from A and B 
set off the number of parts required : join the opposite 
points, and it will divide the line A B as proposed. 



PROBLEM V. 



To divide a line in any given proportion. 
Divide A B in the proportion of 3 to 5. 




From the point A, draw A D of indefinite length. On 
it, set off eight equal divisions of indefinite length : join 
B with the eighth division, and parallel to it join C 
to the fifth division. Then A B will be divided in the 
proportion required. 



PROBLEMS. 



7i 



PROBLEM VI. 



To find a mean proportional to two given lines. 

Find a mean proportional between the lines A B and 



BC. 




Draw a line A C equal to A B and B C. From the 
centre o^ the line A C as diameter, describe a semicir- 
cle. At the point B draw a perpendicular B D and it 
will be a mean proportional between A B and B C. 
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PROBLEM VU. 



To find a third proportional to the less of two given 
lines. 

Find a third proportional to the less of the lines C B 
CD. 



C 



JD 




Draw an acute angle having the sides equal to C B, 
C D ; from G D cut off C A equal to B ; join B D and 
draw A E parallel to it, then C E will be the third less 
proportional to C D, C B. 



PROBLEMS. 
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PSOBLEH Vm. 



To find a third proportional to the greater of two giren 
lines. 

Find a third proportional to the greater of the lines 

B A, B C. 




Draw an acute angle having the sides equal to the 
lines B A, B C ; extend B A to D equal to B G ; draw 
a line from A to C, then draw a line from D parallel to it, 
and extend B C to E to meet it, then B £ will be the 

proportional required. 

7* 



i 
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PROBLEM DL 

To bisect, or diTide a given angle into two equal parts. 




From the vertex B as a centre, describe an arc of a 
circle within the angle ; from the extremities of the arc 
with the same radius, describe intersecting arcs at D ; 
draw a line from B to D and it will bisect the angle ABC. 



PROBLEMS. 
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PROBLEM X. 

At a given point to make an angle equal to a giren 
angle. 





At the point B to draw an angle equal to the angle 
D E F. From the point B draw B C indefinitely. From E 
as a centre describe an arc r c, in the angle D E F. 
With the same radius, and B as a centre, describe an arc 
M N, from the line B C take the length of the arc r c 
and set off the same distance M N on the arc M N : draw 
a line from B through M to A,' and it will complete the 
angle ABC equal to the angle D E F. 
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PROBLEM XJ. 

Three sides of a triangle being giren to constrnct it. 

C : JJ 




To construct a triangle with the lines B C, B D, C D. 
Draw B C. With B as a centre, and radius B D, describe 
an arc ; with C as a centre, and radius C D, intersect the 
arc at D, from D draw lines to B and C, and they form the 
triangle required. 



N 
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PROBLEM XII. 

- The hypothenuse and one side of a right triangle bding 
given to construct it. 

A B 




Bisect the hypothenuse A B. With O as a centre and 
radius A O describe an arc of a circle : with A as a centre 
and radius B C intersect the arc at C, unite A with C 
and the triangle will be constructed. 
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PKOBLEM Xm. 



To divide a right triangle into foar similar and equal 
triangles 

Divide the triangle ABC into four equal and similar 
triansles. 




Prom the centre of the hypothenuse draw the lines F 
D, F E, perpendicular to the base and altitude and also 
F B to the opposite angle. This divides the triangle into 
four similar and equal triangles. 



PHOBIiEMS. 
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PROBLEM XIV. 

To divide a right triangle in any giren proportion. 
Divide the triangle A B C in the proportion of six to 
five. 




10 Do 

Divide the hase into sixteen equal parts, and let A D be 
ten parts and D B parts, six from D the point of divis- 
ion draw D C and it will divide the triangle in the propor- 
tion required. 
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PROBLEM XV. 

To divide an equilateral triangle into four similar and 
equal triangles. 

C 




Divide the equilateral triangle ABC into four similar 
and equal triangles. 

Bisect each side of the given triangle and draw lines 
to the opposite sides. Then will the triangle be divided 
as required* 



PROBLEMS. 
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PROBLEM XVL 



To describe a circle, the circumference of which shall 
pass through any three given points not in a straight line. 

Draw a circle, the circumference of which shall cut 
the points ABC. 




Draw straight lines from A to B and from B to C, bi- 
sect these lines with perpendiculars intersecting each oth* 
er ; the point of intersection will be the centre of the 
circle. 

By this problem, it will be easy to find the centre of 
any circle. If an arc of a circle be given, the whole cir- 
cle may be found by the same problem. 

8 
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PBOBLEM XVII. 

To construct an Ellipsis. 




Draw a square or rhombus, so that one of the diagonals 
shall be vertical, the other horizontal. Extend the sides op- 
posite the vertical diagonal indefinitely : with the vertices 
as centres, draw four arcs meeting at the extended sides, 
and they will form the Ellipsis required. The form of the 
Ellipsis may be varied in any proportion, by varying the 
proportion of the diagonals of the. rhombus. 

The above will answer for most practical purposes ; but 
a true ellipsis is generated from a conic section, and has 
no part of a circle in its composition. 






GEOMETRY. 



CHAPTER I. 

MENSURATION OF lillTBS AND SURFACES. 



SECTION I. 

Lineal Measure. 



6 Points are 1 Line. 

12 Lines ** 1 Inch. 

12 Inches " 1 Foot. 

3 Feet " 1 Yard. 

5i Yards " 1 Rod. 

40 Rods " 1 Furlong. 

8 Furlongs " 1 Mile. 

3 Miles ** 1 League. 

60 Geographical, or ) ^ (I Degree on 

69i Statute Miles ] * ' * ' ) the Earth. 
360 Degrees, the circumference of the Earth. 
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Surveyor's MecLsure. 



7.92 Inches are 1 Link. 

25 Links *' .... 1 Rod. 

4 Rods " 1 Chain. 

10 Chains '* .... 1 Furlong. 



In Measuring the Depth of Water : 
6 Feet . . . are ... 1 Fathom. 



1. In 2 lines how many points? Ans. 12 points. 

2. In 4 inches how many lines ? Ans. 48 lines. 

3. How many points in one inch 1 Ans. 72 points. 

4. How many points in three lines ? Ans. 18 points. 

5. In 2^ inches how many lines 7 Ans. 30 lines. 

6. In 3^ lines how many points ? Ans. 21 points. 

7. How many inches in three feet ? 

Ans. 36 inches. 

8. Hovf many inches in 3^ feet ? Ans. 42 inches. 

9. How many feet in 5 yards ? Ans. 15 feet. 

10. How many feet in 2j yards? Ans. 7^ feet. 

11. How many feet in 5j- yards? Ans. 16^ feet. 

12. How many inches in one yard ? 

Ans. 36 inches. 

13. How many yards in two rods? Ans. 11 yards. 

14. How many feet in 1 rod ? Ans. 16| feet 

15. In 5 rods how many feet? how many yards ? 

Ans. 82^ feet. 27^ yards. 
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16. In 15 rods how many yards ? Ans. 82|^ yards, 

17. In 1 yard, 2 feet, 9 inches, how many inches ? 

Ans. 69 inches. 

18. In 3 rods, 4 yards, 1 foot, 6 inches, how many 
inches ? Ans. 766 inches. 

19. What part of I line is 1 point? Ans. ^. 

20. What part 1 inch is 1 line ? Ans. ^. 

21. What part of 1 foot is one inch ?. 1 line ? 1 point ? 
Ans. 1 inch ^.^ . 1 line — r^j^ . 1 point;=^^, 

22. What part of 1 foot 5 lines 10 points, is 8 lines 
3 points ? Ans. /^. 

23. What part of 1 yard is 2 feet ? Ans. f . 

24. 1 foot is what part of 3 yards ? Ans. -^. 

25. 1 inch is what part of 1 yard ? Ans. ^. 

26. 1 foot 9 inches is what part of 1 yard 2 feet ? 

Ans. ^, 

27. In 1 1 yards how many rods ? Ans. 2 rods. 

28. What part of 1 rod is 1 yard ? Ans. ■^. 

29. What part of 1 rod 3 yards, is 5 yards ? 

Ans. -ff . 
^. What part of 1 rod is 1 foot ? Ans. ^. 

31. 1 foot 6 inches, is what part of 1 yard 1 foot ? 

Ans. %, 

32. What part of 1 yard is 6 inches ? Ans. ^. 

33. In 1 rod how many inches 1 Ans. 198 inches. 

34. What part of 1 rod 3 feet is 5^ feet 7 

Ans. jj-. 

35. What part of 7|- rods is 5j- yards ? Ans. -^. 

36. A surveying wheel turns twice in going 1 rod ; 
how many times will it turn in going 577^ feet ? 

Ans. 35 times. 

37 How many fods in 4 furlongs? Ans. 160 rods. 

8* 
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38. How many feet in 1 furlong 1 

Ans. 660. feet. 

39. In 3 furlongs 15 rods, 8 feet, how many feet 1 

Ans. 2235f feet. 

40. In 1 furlong how many inches ? 

Ans. 7920 inches. 

41. In 2 furlongs, 10 rods, 12 feet, 6 inches, how ma- 
ny inches ? Ans. 17970 inches. 

42. In six miles how many furlongs ? 

Ans. 48 furlongs. 

43. In one mile how many rods? Ans. 320 rods. 

44. How many yards in 1 mile ? Ans. 1760 yards. 

45. In 1 mile how many feet? Ans. 5280 feet. 

46. In 1 mile how many inches ? 

Ans. .63360 inches. 

47. In 2f leagues how many miles ? Ans. 8 miles. 

48. How many rods in L league ? Ans. 960 rods. 

49. How many yards in 1 league, 1 rod, and 1 yard ? 

Ans. 5286^ yards. 

50. How many rods in 135 feet? Ans. 8^ rods. 
Change 135 feet to half feet, and divide by 33, the 

number of half feet in a rod. 

51. A Surveyor's chain is divided into 100 links, each 
link is 7.92 inches. How many feet long is the chain ? 

Ans. 66 ft. 

52. 25 links are 1 rod. How many feet are 1 rod ? 

Ans. 16^ ft. 

53. 4 rods is the length of the chain. How many 
feet long is it ? Ans. 66 ft. 

54. How many inches long is the chain ? 

Ans. 792 inches. 

55. There are 100 links in the chain, what is the 
length of 1 link? Ans. 7.92 in.. 
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56. How many rods are 4j> chains ? 

Ans. 18 rods. 

57. How many rods are there in 10 chains and 25 
links ? Ans. 41 rods. 

58. How many feet long is a piece of laud that meas- 
ures 10 chains, 1 rod in length ? Ans. 676^ feet. 

59. The distance from Boston to Roxbury is three 
miles how many rods is it ? Ans. 960 rods. 

60. The Middlesex Canal is 30 miles in length, how 
many chains are equal to the length of it ? 

Ans. 2400 chains. 

61. What is the length of the Middlesex Canal in 
feet? Ans. 158400 ft. 



SECTION II. 
Mensuration of Surfaces, 

A Surface is a space, the boundaries of which are 
lines. 

A Surface has two dimensions only — length and 
breadth. 

Surfaces are either plane or curved. 

A plane surface may be represented by one side of a 
smooth sheet of paper, lying flat upon a table. 

A curved surface may be represented by one side of a 
smooth sheet of paper rolled up so as to unite the oppo« 
site edges. 

By superiicial measure we determine how many squares 
of equal dimensions are contained on any given surface. 



% 
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These squares are of known dimensions, being one 
line, one inch, one foot, one yard, one rod, &c. on each 
side, called one square line, one square inch, square foot, 
square yard, 6io. 

The measure of a surface is called its Area. 



Tables of Square Measure. 



"26 points . . 
144 square lines 
144 square inches 
9 square feet . 
BOj- square yards 
40 square rods 
4 roods . . . 
640 acres . . . 



are 
t< 

it 

n 
i* 
n 
<t 



1 square line. 

1 square inch. 

1 square foot. 

1 square yard. 

1 square rod. 

1 rood. 
1 acre. 

1 sq. mile. 



Surveyor's Square Measure. 



6^.7264 square inches 
^^ square links 

square rods 
square chains 
square furloqgs 
square miles 



625 
16 

100 

64 

9 



are 1 square link. 
1 square rod. 
1 square chain. 
1 square furlong. 
1 square mile. 
1 square league. 
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Parallelograms, 

To find the area of a parallelogram. 

Multiply the base by the altitude. 

The base is the side upon which the figure stands. 

The altitude is the perpendicular height. 



SECTION III. 



I. What is the area of a square, the side of which is 
25? 




25 

25X25 = 625 Ans. 625. 

2. Each side of a square foot is 12 inches, how many 
square inches in a square foot? Ans. 144 sq. inches 

3. W4iat is the area of a square, each side of which 
is 5 feet ? Ans. 25 sq. feet. 

4. What is the area of a square each side of which is 
15 inches ? Ans. 225 sq. in. 

5. How many feet in a square yard ? 

Ans. j sq. feet. 
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6. How many sqaare inches on a table', each •eide of 
which is three feet ? Ans. 1296 sq. in. 

7. If the side of a square piece of land be one rod, 
how many feet is the area ? Ans. 272^ sq. ft. 

8. What is the area of a sqaare each side of which 
is 5 feet 6 inches ? Ans. 30^ sq. ft, 

9. How many square rods are there in an acre ? 

Ans. 160 sq. rods. 

10. How many acres in a piece of land each side of 
which measures one mile ? 

4 

Note. 320 rods in length are 1 mile. 

Diride the number of square rods in a square mile by 
the number in an acre. Ans. 640 acres. 

11. If the side of a square field be forty rods, how 
many acres does it contain ? Ans. 10 acres. 

12. How many square feet in a board 24 inches on 
eac&side? Ans. 4 sq. ft. 

13. How square yards of pavement in a court 25 feet 
square ? Ans. 69f yds. 

14. What is the area of a room 13 feet 9 inches 
square ? Ans. 189 sq. ft. 9 sq. in. 

15. What is the area of a piece of land 35.75 feet on 
each side ? Ans. 1278.0625. 

16. A farmer has three fields, the first contains twice 
as much as the second, the second measures 16 rods on 
each side, and the third contains as much as the first and 
second, how many acres do the three contain ? 

At^s. 9 acres, 2 roods, 16 rods. 
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17. How many square feet on the floor of a room 15 
feet 9 inches square I 

Questions like the last may be performed by decimals 

or duodecimals. Both methods will be given. 

By Decimals. By Duodecimals. 

. 9 inches are -^^ of a foot = .75 

15.75 15 " 9 

15.75 15 " 9 



7875 11 " 9 " 9 

11025 236 " 3 

7875 ' 



1575 Sq. feet 248 " " 9 sq. in, 



Sq.ft. 248.0625 



SECTION IV. 

Application of Square Root. 

To find the side of a given square. 
The square root of the given square is the side re' 
quired, 

1. What is the length of the side of a square foot ? 
144 square inches are 1 square foot. The square root 

of 144 is 12. Ans. 12 inches. 

2. What is the length of each side of a square, the 
area of which is 81 square feet? Ans. 9 feet. 

3. What is the length of the side of a square contain- 
ing 225 square feet ? Ans. 15 feet. 

4. What is the side of a square containing 1 rod ? 

Ans. 55 square yds. 
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5. What is the side of a sqaare room containing 420^ 
feet ? Ans. ^0^ feet. 

6. What is the length of a side of a sqaare field con- 
taining 9025 square rods ? Ans. 95 rods. 

To find the side of a sqaare which shall be equal in 
area to any given number of feet, inches, &c. 

The square root of the given area will be the side of a 
sqaare, equal in area. 

1. What will be the side of a square to contain 225 
inches 1 

The square root of 225 is 15. Ans. 15 inches. 

2. What will be the side of a square equal in area to 
a circle containing 625 inches? Ans. 25 inches. 

3. How many marble tiles, each nine inches square, 
are contained on one side of a square court, the area of 
which is 225 square feet ? Ans. 20 tiles. 

4. What is the side of a square equal in area to a cir- 
cle containing 2025 square inches ? Ans. 45. 

5. A gentleman wishes to exchange a pi^ce of ground 
in the form of a crescent, containing 1024 square feet, for 
a piece in the form jof a square of equal area, what will be 
the side of the square ? 

The square root of 1024 is 32. Ans. 32 feet. 

6. What will be the side of a square field which shall 
contain as much land as another field which is 48 rods 
long and 12 rods wide ? Ans. 24 rods. 
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SECTION V. 



Oblong. 



1. What is the area of an oblong, the base of which 
is 64 and altitude 32 ? 




32 



64 

64 X 32 = 2048 Ans. 2048. 

2. How many square inches in an oblong 16 inches 
long and nine inches wide ? Ans. 144 square inches. 

3. What is the area of a parallelogram 18 inches in 
letigth and 12 inches in width ? 

Ans. 1 square foot and 72 square in. = 1 j^ sq. ft. 

4. How many square feet in a room 19 feet long and 
15 feet wide ? Ans. 285 sq. ft. 

5. What is the superficial measure of a board 13 feet 
6 inches long and 21 inches wide? Ans. 2df sq. ft. 

6. What is the area of a piece of land 44 feet long and 
27 feet 8 inches wide 1 Ans. 1217^ sq. ft. 

7. If an oblong measure be 5 feet 7j- inches in length 
«n,d 3 feet 5 j- inches in width, what is the area? 

The answer is 19 A'H"n^y{- 2o ? 3e ^4* ^®®*' 

^2^ = -J of a foot. Ans. l9^-(- sq. ft. 

8. What is the number of square feet on a floor 22 ft. 
§ inches by 13 feet 9 inches. Ans. 309f sq. ft. 

9 
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9. How many square feet of boards will cover the floor 
of a hall 50| feet long, and 36 feet wide ? Ans. 1827. 

10. How many yards of carpeting 1 yd. wide will cov- 
er the above floor ? Ans. 203 yds. 

11. How many yards of carpeting Ij- yds. wide will 
cover the floor of a room 20 feet long, 16^ feet wide ? 

Ans. 25 yds. 

12. What is the surface of an oblong 3 feet 6 inches 
by 2 feet 10 inches ? Ans. 9j^ sq. ft. 

13. How far from the end must a board be cut that 
is 18 inches wide, so that the piece may measure 1 square 
foot I Ans. 8 inches. 

14. What length of board 10 inches wide will be 
equal to one square foot 1 Ans. I4f in. 

15. How many inches wide must a board be that is 
16 inches long, to make a square foot ? Ans. 9 in. 

16. How many square feet and inches does a board 
measure that is 13 feet 6 inches long and 2 feet wide ? 

Ans. 27 sq. ft. and 48 sq. in. 

17. How many square feet of boards will it require to 
lay a floor 17 feet 9 inches long and 15 feet 6 inches 
wide ? Ans. 275^ sq. ft. 

18. How many feet in a board 13 feet 6 inches long 
and 15 inches wide ? Ans. 16|^ ft. 

19. How many square feet in a square rod ? 

Ans. 272^ sq. feet. 

20. There are forty square rods in a rood, how many 
square feet are there in a rood 1 Ans. 10890 sq. ft. 

21 How much in length of land that is 5 rods wide, 
will it require to make an acre ? 
Note. 160 square rods make an acre. 

Ans. 32 rods. 
22. How many square feet are there in 1 acre ? 

Ans. 43560 sq. ft. 
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23. St. Peter's Church at Rome is 720 feet long and 
510 feet broad, how many acres of land does it cover. 

Ans. 8 acres 1 rood 28 rods 207 sq. ft. 

24. What will be the cost of a marble slab 6 feet 6 
inches long, and 2 feet 4 inches wide at 75 cts. per square 
foot? Ans. $11.87^ cts. 

25. What will it cost to paint a floor 13 feet 6 inches 
long, and 9 feet 6 inches wide, at 9 cts. per sq. yd ? 

Ans. $1 28i cts. 
Painting is measured by the square yard. 9 sq. feet are 
1 sq. yard. 

26. How much will it cost to paint a wall 140 feet 
long and 6 feet high, at 15 cts. per square yard t 

Ans. $14. 

27. How many square feet are there in a floor 15 feet 
7f inches in length and 12 feet 6f inches in breadth 1 

Ans. 196f^ feet. 

28. How many square feet of boards will cover the 
floor of a hall 60 feet 8^ inches in length and 35 feet 10^ 
inches in breadth ? Ans. 2178 sq. ft. 61 H sq. in. 
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SECTION VI. 
Rhombus. 

1. What is the area of a rhombus, the base of which is 
22 and altitude 18? 




22 
The altitude is the perpendicular height. 
22X18 = 396 for the area. 

2. What is the area of a rhombus, each side of which 
is 12 feet 6 inches, and altitude 8 feet 4 inches ? 

Ans. 106^ sq. ft 

3. What is the area of a piece of land, in the form of 
a rhombus, each side of which measures 40 feet 9 inches 
and perpendicular distance between the sides 32 ft. 3 in.? 

Ans. 1310f^ sq. ft. 

4. What is the area of a room, each side of which is 
15|- feet, and the perpendicular distance between the 
walls 12 feet 6 inches ? Ans. 196^ sq. ft. 

5. What is the area of a field in the form of a rhom- 
bus, each side measuring 18 rods 10 feet, and perpendic- 
ular distance between the sides 14 rods 4 yards? 

Ans. 274 sq. rods 50 sq. yds. 
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Land is measured by a sarreyor's chain four lo^ in 
length, each rod twenty^five links, each link being 7.92 
inches. 

6. How many acres are there in a field, each side meas- 
uring 10 chains, and perpendicular distance 8 chains ? 

Ans. 8 acres. 

7. Required the area of a piece of land in the form 
of a rhombus, each side of which measures 725 feet, 
and perpendicular distance between the sides 635 feet, 
how many acres does it contain ? 

Ans. 10 acres 91 sq. rods. 



SECTION VII. 

Rhomboid. 

1. If the base of a Rhomboid be 42 and the altitude 
19, what is the area ? 






42 
42X19 = 798 the area, 

2. If the two sides of a rhomboid be each 8 inches, 
the other two each 5 inches, and altitude 3 inches, what is 
the area ? Ans. 24 sq. inches. 

3. How many square yards of painting are there on a 

floor 2S feet 6 inches in length, and 18 feet perpendicular 

width? ' Ans. 57 sq. yds. 

♦9 
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4. A piece of land in the form of a rhomboid measures 
640 links on the two longest sides, and is 144 links per- 
pendicular width, how many square rods does it contain ? 

Ans. 147^/^ sq. rods. 



SECTION VIII. 

To form a parallelogram of given area, whose length 
shall bear a given proportion to its width. 

Divide the area of the parallelogram by the given pro- 
portion, and the square root of the quotient will be the 
width required. 

Multiply the width by the proportion, and the product 
will give the length. 

1. What wil) be the dimensions of a parallelogram 
containing 243 square inches, the length to be three times 
the width. 

243-7-3 = 81, the square root of 81 is 9, the width. 
9X3=27 the length. 

Ans. 9 inches wide, 27 inches long. 

2. It is required to cut a piece of marble, the surface 
of which is to be 9 square feet, so that the length shall be 
in proportion to the width as 4 to 1, what will be the di- 
mensions! Ans. lengthXb inches, width ^9 inches. 

3. A farmer wishes to lay out a piece of land to con- 
tain 45 acres, so that the length shall be equal to twice 
the breadth. Required the dimensions. 

Change the acres to squaie rods. 

Ans. 120 rods long, 60 rods wide. 

4. An army of 14700 men is to be formed into a solid 
column, so that there shall be only one third as many 
men in rank as there are in file ; how shall the column be 
firmed 1 Ans. 70 men in rank, 210 men in file. 
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SECTION IX. 

To find the superficial contents of a hoard or any plain 
figure of unequal width, the ends or bases parallel. 

Multiply half the sum of the two ends by the length, 
the product will be the area. 

1. What is the measure of a board 13 feet long, the 
ends being 15 inches and 9 inches? 

15+9=24 half of 24=12 ; 12 inches are 1 foot. 
13X1=13 Ans. 13 sq.ft. 

2. What is the area of the floor of a hall 40 feet long, 
25 feet wide at one end, and 20 feet wide at the other ? 

Ans. 900 sq. ft. 
8. How many square feet are there in a farm, the two 
parallel sides of which are 75 feet and 95 feet, and the 
perpendicular distance between them 150 feet ? 
75+95=170 halfofthissumi8 85. 

85X 150=12750 Ans. 12750 sq. ft. 



SECTION X. 

Triangles. 

To find the area of a Triangle. 

Multiply the base by half the altitude ; the product is 
the area. 

Every triangle is equal to half the area of its circum- 
scribing parallelogram. 
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L What » tbe area of a rigbt triangle, the 
which is 18 and perpendicular 10 ! 



tnaeof 




!• 



18 



Half of 10 is 5 ; 18X^=90 the area of the triangle. 

2. What is the area of an acote triangle, the base of 
which is 38, and altitade 21 ? 




Half of 21=;10.5; 38X1CL5=399 the area. 

3. What is the area of an obtase triangle, the base of 
which is 48, and altitude 24 ? Ans. 576. 




48 
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1. , What 18 the area of a right triangle the .base of 
whioh is 36 inches, and perpendicular 20 inches ? 

Ans. 360 sq. inches. 

2. What is the area of a right triangle, the sides of 
which are 27, 36, and 45 inches ? Ans. 486 sq. in. 

In a right triangle the longest side is the hypoihenuse. 
Either of the other sides is a perpendicular. 

3. If the base of a trfangle be 99 inches and altitude 
88 inches, how many square feet is its surface ? 

Ans. 3^ sq. ft. 

4. A triangular piece of marble measures 3 feet 3j- 
inchesin length and 17 inches greatest width, what is the 
area ? Ans. 2 sq. ft. 47| sq. in, 

5. The base of a triangle is 28.4 yards, and the alti" 
tude 18.4 yards, what is the area ? Ans. 261.28 sq. yds. 

6. What is the area of an equilateral triangle, each 
side of which is 19 inches, and altitude 16.454 inches ? 

Ans. 78.1565 sq. in. 

7. What is the area of a triangle, the base of which 
is 18 feet 4 inches, and altitude 1 1 feet 10 inches ? 

Ans. 107 1 sq. in. 

8. What is the area of a right triangle, the sides of 
which are 15, 20, and 25 feet ? Ans. 150 sq. ft. 

9. The sides of a garden in the form of a right trian- 
gle are 225, 300, and 375 feet, what is the area ? 

Ans. 33750 sq. feet. 

10. If two sides of a triangle are each 18 inches, the 
altitude 17 inches, and base 12 inches, what kind of tri- 
angle is it 1 what is its area ? 

Ans. Isosceles. 102 sq. inches. 

11. There is a piece of land in the form of a right tri- 
angle, two sides of which are equal, but on account of ob- 
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stacles eannot be measured, but the side opposite the 
right angle measures 90 rods. What is the area ? 

Ans. 12 acres, 2 roods, 25 sq. rods. 
Note. If a right triangle be isosceles, the area will be 
equal to one fourth the square of the hyothenuse. 

Having the three sides of a triangle given, to find the 
area without the aid of the perpendicular. 

From half the pecimeter, subtract each side; from the 
product of the perimeter multiplied by the three differ- 
ences, extract the square root, and it will be the area of 
the triangle. 

1. What is the area of a triangle, the sides of which 
are 15, 20, and 25 inches? 




25 
25 + 20 + 15 = 60 the perimeter 

half of which is 30 — 25 = 5 

30 — 20=10 

30—15 = 15 

30 X 10 X 15 X 5 = 12500, the square root of which 

is 150, the area. ' Ans. 150 sq. in. 

2. What is the area of a triangle, the sides of which 

are 75, 100, and 125 ? Ans. 3750. 



SECTION XE. 

Trapezoid. 

To find the area of a Trapezoid. 
Multiply half the sum of the two parallel sides by the 
altitude, the product is the area. 
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1. What is the area of a trapezoid the parallel sides of 
which are 26.5 and 15.5, and the altitude 8 ? 

15.5 



\ 



CO 

\ 



\ 

\ 



26.5 



26.5+1 5.5c=42; half of which is 21x8=168 area. 

2. A marble slab is 16 inches and 24 inches on the 
two parallel sides, and 12 inches wide, what is the area ? 

Ans. 240 sq. inches. 

3. If one of the parallel sides of a trapezoid be 6 feet, 
the other 8 feet, and altitude 4j- feet, what is the area 1 

Ans. 31^ sq. in. 

4. If two opposite sides of a garden are 35 feet and 
25 feet, and perpendidular width 15 feet, what is the 
area ? Ans. 450 sq. ft. 



SECTION XII. 

Trapezium, 

To find the area of a Trapezium. 
Multiply half the diagonal by the sura of the two per- 
pendiculars, the produet is the area. 
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I. What is the area of a trapezium, the diagonal of 
which is 46, the perpendiculars 15 and 12 ? 




Hali of 46 is 23 15+12=27 

23X27=621 the area. 

2. If the diagonal of a trapezium be 8 feet, and th« 
perpendiculars 24 and 30 inches, what is the area ? 

Ans. 18 sq, ft. 

3. "What is the area of a trapezium, the diagonal of 
which is 34 feet 9 inches, and the two perpendiculars 19 
feet and 12 feet 6 inches ? Ans. 548/^ sq. ft. 

4. The perpendiculars of apiece of land are 178 and 
183 feet, and the diagonal is 225 ft.; what is the area? 

Ans. 40612.5 sq. feet. 

5. In a field in the form of a trapezium the diagonal 
is 85 feet and the perpendiculars 32 and 35 feet, what 
number of square feet does it contain ? 

Ans. 2847^ sq. ft. 



SECTION XIII. 
Regular Polygons. 

To find the area of any regular Polygon. 

Multiply half the perimeter or sum of all the sides by 
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the perpendicular distance from the centre to one of the 
Sides. The product is the area. 

1. What is the area of a regular pentagon, each side of 
Which is 17, and perpendicular 12? 




17 



17X5 = 85, half of which is 42.5, this multiplied 
by the altitude 12s=510 for the area. 

This divides the pentagon into five isosceles triangles, 
the base of each of which is 1 7 and altitude 12. 

In the same manner may be found the area of a hexa- 
gon, heptagon, or of any regular polygon of any number 
of sides. 

The area of a circle may be found in the same manner. 

2. What is the area of a piece of marble in the form 
of a hexagon, whose side is 12 inches, and perpendicular 
10.39 inches ? Ans. 374.04 sq. in. 

3. Each side of a regular pentagon is 10 inches, and 
perpendicular 6.8919. What is the area ? 

Ans. 172.047. 

4. What is the area of a regular hexagon, each side of 
which is 15 inches, and perpendicular 22.99 inches ? 

Ans. 584.55 
10 
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5. The top of a marble table, of an: octangofer Arm, 
measures 16 feet perimeter. What will h cost at 1 ^ dbffis; 
per square foot T Aks. ${S1.7279. 
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The Circle. 



A circle is the most capacious of all plane figures. 

It contains a larger area within the same perimeter, 
and combines a greater vaciety of useful properties than 
any other geometrical figure. 

To find the area of a circle having the diameter given. 

Multiply the square of the diameter by .7854. 

1. What is the area of a circle, the diameter of which 
is 25? 




25X25:=625XJ854=490.875 the area. 

If the circumference only be given, multiply the square 
of the circumference by .07958» 
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2. What is tlie area of a circle, the diameter of which 
is 10 inches ? Ans. 78.54 sq. in. 

3. What is the area of a circular pond 25 rods in cir- 
cumference ? Ans. 49.7375 sq. rods. 

4. What is the area of a circle, whose radius is 4 
feet ? Ans. 502656 sq. ft. 

5. If the circumference of a cifde he 15 feet, what is 
the area ? An& 17.9 sq. ft. 

6. If the diameter of a circle be 144 inches, what is 
the area ? Ans. 108.56 sq. ft. 

7. What is the area of a circular garden, the circum- 
ference of which is 94.248 feet, and diameter 30 feet? 

Ans. 706.86 sq. ft. 

8. A surveyor's wheel is made to turn twice in going 
1 rod. What is the area of a field around which it turns 
300 times ? Ans. 11 aores, 30l55 sq. rods. 

9. A circle has a diameter of 4 feet. What is the 
radius of a circle four times as large ? Ans. 4 feet. 

Circles are in proportion to each other as the squares 
of their radii, or diameters. 

The square of 4 is 16, four times as large would be 64, 
the square root of this is 8 the diameter, and radius 4. 

If the diameter of a circle be 1, the circumference will 
be 3.1416. And the area will be .7854 equal to one 
fourth of the circumference. 
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Therefore, dividing the diameter of any circle by 4, and 
multiplying the circumference by the quotient, gives the 
area of the circle. 

The area of a circle is equal to the curved surface of a 
cylinder, whose base and altitude are equal to the ra- 
dius of the circle. 

The exact proportion of the diameter to the circumfer- 
ence of a circle has never been discovered. The solution 
of this problem has exercised the ingenuity of mathemati- 
cians for ages. The perfect accuracy of important prin- 
ciples in science depends upon its discovery. Immense 
premiums have been offered for its solution, in Russia, 
Germany, France, and Great Britain. But it remains for 
some gifted mind of a future age to enjoy the honor of 
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knowing that which now belongs only to the '' Orcat Ge- 
ometer " of the Universe, and the reward for communica" 
ting it to the world. 

Although the exact ratio of the diameter to the circum- 
ference has not been discovered, yet the approximate ra- 
tio which has been found is sufficiently accurate for all 
practical purposes. Archimedes, more than two thousand 
years ago, found the ratio to be nearly as 1 to 3f . 

Franciscus Vieta, by means of inscribed and circum- 
scribed polygons, carried the ratio to ten places of deci- 
mals; finding that if the diameter be 1, the circumfer- 
ence will be 3.1415026535. 

Nearer ratios have, from time to time, been assigned by 
successive mathematicians ; so that the last and most ac- 
curate ratio of the diameter to the circumference, is car- 
ried to the extent of five hundred and fifty places of de- 
cimals. 

If the diameter of a circle be 1, 
The circumference will be 3.1416. 

This proportion is sufficiently correct for common pur- 
poses. 

It varies less than one one-hundred-thousandth part of 
an unit. 

Having the diameter given, to find the circumference. 

Multiply four times the diameter by .7854, the product 
will be the circumference. 

1. If the diameter of a circle be 5, what will be the 
circumference ? 

4X5=30X. 7854=15.708 the circumference. 

2. If the diameter of a circle be 10 inches, what will 
be the circumference ? Ans. 31 .416 inches, 

•10 
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3. What is the circumference of a circle, the diame- 
ter of which is 24 inches ? Aks. 6.2832 feet. 

Having the circumference given to find the diameter. 

, Divide one fourth of the circumference by .7854, the 
quotient is the diameter. 

1. If the circumference of a circle be 15.708, what 
will be the diameter ? 

i of 15.708-^.7854=5 the diameter. 

2. If the circumference of a circle be 12.5664 feet, 
what will be the diameter? Ans. 4 feet. 

3. What is the diameter of a circle, the circumference 
of which is 31.416 inches ? Ans. 10 inches. 

The chord and versed sine of a circle given to find the 
diameter. 

Divide the square of half the chord by the versed sine, 
and to the quotient add the versed sine, the sum will be 
the diameter. 

If the chord of an arc of a circle be 12, and versed sine 
3^ what will be the diameter? 




Half the chord is 6, the square of 6 is 36 ; 
36-7-3=12+3=15 the diameter. 
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2. If the chord of an arc be 16 and versed sine 4, 
what will be the diameter 1 Ans. 20. 

3. If the chord be 24 and versed sine S, what will be 
the diameter ? Ans. 26. 

4. What will be the diameter of a circle, the chord of 
which is 54 inches,. and versed sine 9 inches? 

Ans. 90 inches. 

5. What is the diameter of a circle, the chord of 
which is 72 feet, and versed sine 13.5 feet ? 

Ans. 109.5 ft. 

The diameter and versed sine given, to find the chord. 

From the diameter subtract the versed sine, multiply 
thj remainder by the versed sine, and the square root of 
the product is half the chord. 

1. If the diameter of a circle be 18, and versed sine 
5, what will be the chord ? 



./ 



^ 



\ 



13 




18 — 5=13X5=65 the square root of 65=8.0622, half 
the chord. 

2. What will be the length of a chord of an arc of a 
circle, the diameter of which is 60 inches, and versed 
sine 6 inches ? Ans. 36 inches. 
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3. What will be the chord of an arc of a circle, the 
diameter of which is 90^ and the versed sine one tenth of 
the diameter ? Ans. 54 in. 

4. If the diameter of a circle be 130, what will be 
the length of a chord which divides the diameter in the 
proportion of 5 to 21 ? Ans. 110. 

Having the area of a circle given, to find the diameter. 

Divide the area by .7854, and the square root of the 
quotient will be the diameter. 

1. What will be the length of the diameter of a circle 
the area of which is 153.9384 inches ? Ans. 14 in. 

Having the area of a circle given, to find the circum* 
ference. 

Divide the area by .07958, the square root of the prod- 
uct will be the circumference. 

1. What will be the circumference of a circle, the 
area of which is 176.715 inches ? Ans. 47.123 in. 

The square of the diameter of a circle is equal to the 
area of a circumscribing square. 




]2Xl2aBsl44, the area of the circumscribing square. 
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I 

1. If the diameter of a circle be 6 inches, what is 
the area of a circumscribing square 1 

6X6=36 Ans. 36 sq. inches. 

2. What is the side of a square circumscribing a cirT 
cle, the radius of which is 4 feet ? Ans. 8 feet. 

Multiply the diameter of a circle by the radius, the 
product is the area of an inscribed square. 



Diameter 13 ; radius 6^. 13X6^=84^, the area 

of the inscribed square. 

1. What is the area of a square inscribed in a circle, 
the diameter of which is 10 inches ? 

Diameter 10 ; radius 5. 10X5=a50. 

Ans. 50 sq. feet. 

2. If the radius of a circle be 15 feet, what is the 
area of an inscribed square ? Ans. 450 sq. fl. 
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TImi iir«« of A oiroumscriiied sqaare is to the area of an 
ioicuribod equnre m d io L 

Is Wh«t wro the areas of a chrcomscribed, and of an 
inaerih^^ tqaare, Ihe diameter of the circle being 15 




15Xl5c=^225, the area of the circumscribed square. 
15X7.5=112.5, the area of the inscribed square. 
225 is to 112.5 as 2 to 1. 
2. If the diameter of a circle be 10 feet, what will be 
the areas of an inscribed and a circumscritied square 7 

Inscribed square, 50 sq. ia. 
Circumscribed square, 100 sq. in. 



MENSURATK>1« OF BITRFACES. 110 

The area of an inscribed equilateral triangle is to the 
area of a circumscribed equilateral triangle, as 1 to 4. 



17.32X7.5=129.9 area of the circumscribed trian- 
gle, ABC. 
8.66X3.75=32.475 area of the inscribed triangle, 
I>EP. 
i^^ V(ft" 4 Therefore j the inscribed^ triangle is to 
the circumscribed triangle, as 1 to 4. 
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f,)CisaK^9^ area of the sqoare A B C Dl 
74mx7ir7la50^ area of the square B D E F. 
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The area of a sqaare formed oil the hjpothemne of a 
right triaDgle, is equal to the sum ^of the aqsares of the 
base and perpendtcuilar. 




10XlOb=:100, square of theperpendicular. 
7.5X7.5=s56.25, square of the base. 
12.5X 12.5=156.25, square of the hypothenuse. 
100-|-56.25s=156.25, sum of the squares of th< 
and perpendicular. ; 
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The area^'of a rhombus formed on the hypothenuse of 
a right triangl^^ having the perpendicular of the triangle 
for its altitude, is a mean, proportional between the areas 
of the hypothenuse and perpendicular. 




15X15B:d25, square of the hypothenuse A B C D. 
i2Xl2=s144, square of the perpendicular D E F G. 
OXda=«l, square of the base C G H I. 
15X12»:180, area of the rhombus D G L M. 
180 is a mean proportional between 144 and 235» 
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SECTION XVI. 

Semicircle. 

To find the area of a semicircle. 

Multiply the diameter by the radius^ and the product 
by .7854. 

1. What is the area of a semicircle^ the diameter of 
which is 24 ? 




24 X 12=^88 X .7854==179.07 12, the area. 

If the semicircumference only be given. 

Multiply the square ef the semicircumference 6y .15916, 
the product will he the area, 

2. If the diameter of u semicircle be 15 inches, what 
will be the area ? Ans. 88.3575 square in. 

3. What is the area of a semicircle, the diameter of 
which is 25 inches ? Ans. 245.4375 sq. in. 

4. What is the area of a piece of land in the form of 
a semicircle, the straight side of which is 40 feet 1 

Ans. 628.32 sq. feet. 

5. If a garden, in the form of a half circle, measures 
18 feet from the centre of the straight side, to the centre 
of the curve, what number of square feet does it contain ? 

Ans. 508.9392 sq. feet. 
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SECTION XVII. 

. Quadrant of a Circle. 

To find the area of a CluadraDt of a Circle. 

Multiply the square of the radius by .7854. 

What is the area of a qaadrant of a circle, the radius 
of which is 12 ? 




12X12=144X.7854==113.0976, the area. 
If the arc ooly be given : 

Multiply tAe square of the are by .31832| the product 
will. be the area. 

To find the length of an arc of a Circle. 

Multiply the dlunetw by .7854, the product is the length of a duadtHnt. 
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SECTION XVIII. 



Sectors of Circles. 



To find the area of the Sector of a Circle. 

Multiply the are of the sector hy half the radius. 

1. What is the area of a sector of a circle, the arc of 

which is 24 and radius 17 ? 




Half of 17 is 8.5 and 24X8.5^=204, the area. 

2. What is the area of a^ sector, the arc of which is 
58.68 and radius 17 ? 



W.^B 




Half of 17 is 8.5 and 58.68 X8.6«498.78, the area. 
11* 
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3. If the radius of a sector be 12 inches and the arc 
be 3 feety what is the area of the sector ? Ans. 18 sq. ft. 

4. What is the area of a sector of a circle, the diam- 
eter of which is 25 and arc 55 ? Ans. 687.5. 

5. What is the area of a piece of land in the form of 
a sector of a cirde, the carved side being 35 rods and the 
two straight sides being each 15 rods f 

Ans. 262^ sq. rods. 

6. What is the area of a sector of a eircle, the are of 
which is 45 degrees and radius 25 inches 1 

Ans. 245.4375 sq. in. 



SECTION XIX. 

Segment of a Circle. 

To find the area of a Segment of a Circle. 

From the area of a sector of which the segment is a 

part, subtract the area of the triangle between the chord 

and radii ; the remainder is the area of the segment. 

D 
24.024 




B 
24.024X5.25=126.126, area of the seetor A B G D. 
19.4X2=38.8, the area of the triangle ABC. 
126.126—38.8=87.326, area of the segment ADC. 



\ 
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If the segment is greater than a semicircle, add the 
area of the triangle to the area of the sector. 




Length of the arc A B G 64.704. Half the radius 8.5. 
64.704X8.5=549.984, the area of the sector A B C D. 
16X6.3=100.8, area of the triangle ADC. 
549.984-f 100.8s=«50.784, area of the segment ABC 
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SECTION XX. 



Ellipsis. 



To find the area of an Ellipsis ^ 

Muliipfy the product of tHie two diameters hy .7854. 




1. What is the area of an ellipsifl, the diameters of 
which are 43 and 27 inches? 

43x27;=rl 161 X. 7854=91 1^94 sq. in. 

2. What is the area of an ellipstSy the diameters of 
which are 25 and 18 inches ? Ans. 353.43 sq. in. 

3. If the transverse diameter of an ellipsis be 15 feet 
and the conjagate 10 feet, what will be the areat 

Ans. 117.81 sq. feet. 
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SECTION XXI. 

Elliptical Segment. 

To find the area, of an Elliptical Segment cut parallel 
to the transverse diameter. 

Divide the transverse diameter hy the conjugate and 
multiply the area of a circular segment of the same height 
by the quotient ; the product is the area of the eSUptieal 
segment, 

1. What is the area of an elliptical segment eat par- 
ullql to the, transverse diameter, the height of which is 
7, and the diameters 28 and 22 ? 



28 divided by 22e=sl-]^j ; 96.055 area of circalar seg- 
ment D B E. 

9Q.05SX l^r=»122.252, area of the elliptical segment 
ABC. 

2. What is the area of an elliptical segment cat par- 
allel to the transverse diameter^ the height of which is 5 
inches, the diameters being 30 and 15 inches ? 

Ans. 84.1085 sq. in. 
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SECTION XXII. 

Elliptical Segment, 

To find the area of an Elliptical Segment cat paral- 
lel to the conjugate diameter. 

Divide the transverse hy the conjugate diameter, then 
divide the area of a circular segment of the same height 
by the quotient, the result will he the area of the elliptical 
segment. 

1. What is the area of an elliptical segment cut par- 
allel to the shorter diameter, the height of which is 7 and 
diameters 28 and 22 ? 




28 divided by 22s=l7\ ; 96.055, area of circular seg- 
ment. 

96.055-7-1x^=75.472, area of the elliptical segment. 

2. What is the area of an elliptical segment cut par* 
allel to^ the conjugate diameter, the height of which is 7, 
and diameters 30 and 15 feet 7 Ans. 21.02717 sq. feet. 
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SECTION XXIII. 

Circular Annulus, 

To find the area of a Circular Annulus, or Ring. 

MvUiply the difference of the squares of their diame- 
ters by .7854, the product ufill be the area of the circular 
ring. 

1. What is the area of a circular ring, formed by two 
concentric circles, the diameters of which are 28 and 21 1 




28+21X7=543, the difference of the squares of the 
diameters. 

348X. 7854=569.3922, area of the ring. 

2. If the diameters of two concentric circles be 10 
and 15 inches, what is the area of the annulus between 
their circumferences ? Ans. 98.175 sq. in. 



p> 
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SECTION XXIV. 

Elliptical Annulus. 

To find the atea of an Elliptical Annulas, or Ring. 

Multiply the difference of the products of the diameters 
of the two Ellipses by .7654, the product wiU be the area 
of the Elliptical Ring, 

What is the area of an elliptical ring formed bj two 
concentric ellipses, the diameters of which are, of the 
greater 36 and 30, of the smaller 29 and S3 ? 




29X23=667. 36X30=10R0. 

1080— 667=4 13 X. 7854=324.37, area of the ring. 
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SECTION XXV. 



Irregular Polygons. 



To fiod the area of Irregular Polygons. 

Divide the figure into trapeziums and triangles, and 
the sum of their areas will be the area of the whole figure. 




26X4=104. Area of the triangle ABC. 
29X3.5=101.5 Area of the triangle A C D. 
27X9=Q43. Area of the triangle A D E. 
28.25X7.5=311.875 Area of the trapezium D E F G., 

660.375 AreaofthepolygonABCDGFE. 
12 
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SECTION XXVI. 
Compound Figures, 

To find the area of Compound Figures. 

Divide the figure into triangles, trapetium, and 
segments of circles, and the stun of their areas will be the 
area of the whole figure. 




J 

61 Area of the segment A B C. 

324 Area of the trapezium A C D K. 

47.25 Area of the triangle D E G. 

32.75 Area of the segment E F G. 

357.5 Area of the trapezium D G I K. 

118.75 Area of the triangJe G H I. 

53.025 Area of the segment UK. 

004.275 Area of the whole figure ABCDEFOHIJK. 
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If one of the boundaries of a compound figure be a 
right' line, the whole extent of the figure, the area may be 
found by the following rule : 

8et off the right line into equal divisions, and erect per* 
pendieulars at the points of divisions add aU the perpen^ 
dieulars twice ever, except the first and last, tohich must 
he taken but once ; this sum multiplied by half the equal 
distance gives the area* 



H M 
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1.7X2=3.4 

3.6X^^=7.2 

3.9X2=7.8 

3.5X2=7, 

4.0X2—6. 

4,3X2=8.6 

8.2X2=6.4 

3.5 =3-5 



25-7-2bs1.25, half the equal distance. 



52*9X1 •259B166.125, the area. 
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SECTION XXVI I. 

Miscellaneous Examples. 

1. What are the areas of an equilateral triangle, a 
square, and a circle, the perimeter of each of which is 

24 inches 1 Ans. Triangle 27.712 sq. inches. 

Square 36. sq. in. 
Circle 45.838 sq. in. 

2. What is the difference in area between a square 
and an equilateral triangle, the sides of each of which 
are 12 inches? Ans. 81.66 sq. in. 

3. What is the length of the diameter of a circle, the 
area of which shall equal that of a square whose side is 
15 inches ? Ans. 16.92 sq. in. 

4. What must be the radius of a circular piece of land 
which shall equal in area a square, the side of which is 

25 feet? Ans. 14.105. 

5. What is the length of es^ch side of a square con- 
taining one acre ? Ans. 208.71. 

6. Required the area in square rods of a piece of land 
in the form of a rhombus, each side of which measures 
6.4 chains, and the perpendicular height 5.45 chains t 

Ans. 558.0d sq. rods. 

7. What will be the cost for painting the four walls of 
a hoase that is 40 feet long, 35 feet wide, and 50 feet 
high, '^allowing the windows to be whole work, at 12 J 
c^ts per square yard ? Ans. $104,167. 

8. A field in the form of a trapezium measures 1660 
feet between the two extreme angles, and the perpendic« 
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ulars to the remainiBg angles are 702 and 712 feet; 
what number of acres does the field eontain f 

' Ans. 26 acres, 7 roods, 14 rods, 133i» feet. 
0. What length of chord, from a central point, &s- 
lened to a horde's mouth, will permit him to graze on an 
acre of grass t Ans. 37.235 feet. 

10. Admitting the diameter of the earth to be 7020 
miles, what is the circumference? what would be the 
area of a circle of the same diameter? 

Circumference, 24681. miles. 

Area of the circle, 49,265,314 sq. miles. 

11. How far a part must th^ points of a pair of divi^ 
ders be placed, to form a circle containing two square feet ? 

Ans. 9.574 in. 

12. What will be the radius of a circular garden 
containing one quarter of an acre ? Ans. 58.875 feet, 

13. If 22500 rods of land are to be laid out in the 
form of a square, what will b^ the length of one of the 
sides ? Ans. 150 rods. 

14. Suppos3 it be required to draw a circle, the area 
of which shall be equal to the circumference, what must 
be the radius? Ans. 2. 

15. How many pieces of land, 13 feet square, will be 
equal in area to one piece, each side of which measures 
91 feet? Ans. 49 pieces. 

91 divided by 13 is 7X7»49. 

16. What is the difference in area between a circle, 
the radius of which is 15 feet, and a triangle, the basf 
and altitude of which are 15 feet ? 

Circle 706.86 square feet. 

Triangle 112.5 " " 

The circle contains 594.36 square feet more than the 

triangle. 

12» 
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17. If 100 gftllons of water be discharged throagfr a 
pipe 3 inches in diameter in 12 miniites, what most be 
the diameter of a pipe to discharge 400 gallons with 
equal vetocity in the same time? Ans. 6 in. 

18. It is required to lay out a garden on a square 
piece of land containing 2025 square feef, to 'he formed 
with eight' equal squares enclosing a circle in the centre ; 
what will be the area of the circle and of each square? 

Area of the circle 176.715 sq. feet. 
Area of each square 225 sq. feet. 

19. A piece of land 40 rods long and 4 rods wide 
contains one acre, how long must a piece be that is 6^ 
rods wide to contain one acre I Ans. 25f rods long. 

20. In a house, consisting of four stories, the lower 
story contains 8 windows of 12 panes of gl-^ss, each pane 
16 inches long, 12 inches wide; the second and third 
stories, 8 windows 12 panes each, the glass 15 inches long 
and 11 inches wide; the forth story, 10 windows 12 
panes each, the glass 14 by 10; how many square feet of 
glass are there in the house? Ans. 464f sq. feet. 

21. How many feet of boards will be required for the 
walls of a house 30 feet 6 inches long, 25 feet 6 inches 
wide, and 40 feet high, allowing for 20 windows 5j- by 3 
feet? Ans. 4150 sq. feet. 

22. In a disaster at sea, it became necessary, in order 
to stop a leak in the ship, to ciit out a decayed plank 12 
feet long and 3 feet wide ; the only fK>und piece of plank 
on board measured 9 feet long and four feet wide. To 
save the vessel, the carpenter contrived to cut the plank' 
into two equal pieces, so as exactly to fill the breach. 
How was the plank cut? 
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CHAPTER I. 

MENSURATION OF SOLIDS. 



SECTION I. 

Definitions^ ^c. 

Solids are such bodies as have length^^ breadth, and 
thickness. 

The mensaration of solid bodies is called cubic mea- 
sure. 

By cubic measure, is determined how many equal 
square solids or cubes of known dimensions, are con- 
tained in any given solid body. 

These squares or cubes are one line^ one inch, one 
foot, &c., on each side ; called one cubic line, one cubic 
inch, one cubic foot, d&c. 
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Cubic Measure. 



1728 cubic lines 


are 


1 cubic inch. 


1728 cubic inches 


ti 


1 cubic foot. 


27 cubic feet 


it 


1 cubic yard. 


231 cubic inches 


<i 


I gallon, wine measure 


282 cubic inphes 


It 


1 gallon, beer measure. 


268.8 cubic inphes 


it 


1 gallon, dry measure. 


2150.4 cubic inches 


u 


1 bushel. 



The dimensions of a bushel measure are 18j- inches 
diameter, and 8 inches deep. 



16 cubic feet are 
8 feet of wood " 



1 foot of wood. 
1 cord. 



The dimensions of a cord of wood are 8 feet long, 
4 feet wide, and 4 feet high, or any other form contain* 
ing 128 cubic feet. 
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SECTION II. 

A Cube. 

A Cube is a solid having six equal sides, eacfa side 
being a square plane. 

To find the solidity of a Cube. 

Multiply the area of one side hy its length, and the 
product will be the solidity of the cube, 

1. What is the solidity of a cube, each side of which 
is 18? 



» sin*.*;- 




1 8 X 18=324, area of one side. 
324Xl&=5832, solidity of the cube. 

. 2. What is the solidity of a cube, each side of which 
measares 25 inches t Ans. 15625 cubic inches. 

8. .What is the solidity of a cube, each side of which 
measures 3 feet, 6 inches ? Ans. 42.875 cubic feet 
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4. How manj 3 inch cubes may be cat from a 12 
inch cobe ? Ans. 64. 

5. How mach will it cost to dig a cellar 8 feet sqaare 
and 8 feet deep, at 25 cents per cubic yard' ? 

An^. $14.22f 

6. How many gallons of water will fill a cistern 10 
feet square and 10 feet deep t 

Ans. 7480^^ gallons^ wine measure. 
6127^41 g^^^ons, bear measure. 
7« How many cubic feet are there in a boxv^wbich 
measures 3 feet 6 inches on each side ? 

The inches may be changed to decimab or duodeci- 
mals. Ans. 166f cubic inchei. 

8. How 'many 4-inch cubes and 8 ^nch cubes, of 
each an equal number, may be cut from one 12 inch cube ? 
Ans. 3 four-inch cubes, and 3 eight-inch cubes. 



SECTION III. 

A Parallelopiped, 

Parallelopiped is a solid having six sides, the opposite 
sides being equal and parallel planes. 
To find the solidity of a parallelopiped. 
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Multiply Ike area of one end 6y the kmgtk, md tie 
praduct wUl be Iht toiidity. 

1. What is th« solidity of parallelopiped, the baie of 
which 16 inchei aqaare and length 50 inches? 



16X16=256 sq. inches, area of one end A B C D. 

356x50e=:12800 cubic inches, Boliditj of the paral- 
lelopiped. 

S. How many cubic feet are there in a timber 20 feet 
long, the ends of which are 2 feet square 1 

Anb. 80 cubic feet. 

3. In a stick of limber IS inches square and 15 feet 
long, bow many cubic feet T Aks. 33} cub; feet. 

If two of the dimensions are given in ineies and one in 
feet, multiply Ike dimensions togfther and divide the pro- 
duet by 144 ,' the quotient nill he cubic feet. 

4< What is the solid measure of a mahogany plank 
15 feet long, 2 feet wide, and 5 inches thick T 

Ans. 12^ cubic feet. 
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If one of the dimensions be given in inches and the 
other two in feet, multiply the dimensions together and <tf- 
vide hy 12; the quotient will be cubic feet, 

15X2=30 sq. feet, this gives the urea of the sarfaee. 
30X5s=150, this gives twelfths of cubic feet. 
150^12=12^ cubic feet* 

• 5. How far ffoib the end roust a timber be cut which 
is 12 inches wide^ and 8 inches thick, so that the piece 
may contain 1 cubic foot ? . Ans. 18 in. 

12X8c=d96. 1728-^96=18 

6. How many cubic inches may be placed in a box 
which measures inside, 4 feet in length, 2J- feet in width, 
and 3 feet in depth ? 

4X2^X3=30 cubic feet. 
1728X30=51840 cub. in. 
1 cubic foot is 1728 cubic inches. 

7. How many gallons of water will fill a vessel 4 feet 
long, 3 feet wide, and 5 feet deep? 

Change the cubic feet to cubic inches, and divide by the 
number of cubic inches in a gallon, 

Ans. 448.8 gallons, wine measure. 

8. How many cubic feet of earth must be removed, to 
form a cistern 8 feet square and 10 feet deep ? 

How many gallons of water will the cistern contain ? 

Ans. 4787.4 wine gallons. 

9. How many cubic feet in a stick of timber 25 feet 
long, 21 inches wide, and 18 inches thick ? 

An8. 65f cubic feet. 
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SECTION IV. 

Wood Measure. 

A pile of wood 4 feet long, 4 feet wide, and 4 feet 
high, is half a cord. Two such piles is a cord. 

1. How many cubic feet in a cord of wood? 

Ans. 128 cubic feet 

2. How many cords in a pile of wood 12 feet long, 4 
feet wide, and 8 feet high ? Ans. 3 cords. 

3. How many cords in a pile of wood 127 feet long^ 
16 feet wide, and 20 feet high? Ans. 317^ cords. 

4. A pile of wood 4 feet long, 4 feet high, and 1 foot 
wide, is a foot of wood. How many cubic feet in a foot 
of wood ? - Ans. 16 cubic feet. 

5. How many feet of wood are there in a cord 1 

Ans. 8 feet. 

6. How many feet of wood are there in a load 8 feet 
longy 4j- feet wide^ and 6 feet high ? 

Ans. 13^ feet. 

Wood for fuel is usually cut 4 feet in length, and placed 
in carts and wagons in two ranges, one behind the other ; 
the load then is 8 feet long ; therefore, in measuripg the 
number of feet of wood, it is unnecessary to multiply by 
the length when it is exactly 8 feet, for multiplying half 
of the height by the width gives the number of feet of 
wood. 

From this may be deduced the following rule for mea- 
suring loads of wood and bark. 

13 
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If the load he 8 feet lanff, multiply the width by half 
the height ; the product is the number of feet of wood. 

7. How many feet of wood in a load 8 feet long, 5 
feet wide^ 6 feet high ? An)s. 15 feet. 

Half of 6 is 3, and 5X3=15. 
8 In a load of wood 8 feet in length, 4 feet in width, ' 
and 4^ feet in height, how many feet 1 Ans. 9 feet. 
Half the width is 2, 4^X2=^9. 

9. If a load of wood measures 8 feet long, 5J feet 
wide, and 7 feet high, how many feet of wood does it 
measure? Ans. 19;^ feet. 

10. How much will be the cost of a load of pine 
wood which is 8 feet long, 4j^ feet wide, and 9 feet high, 
at 60 cents per foot ? Ans. $12,15. 

11. What will be the cost of a load of oak. wood 
which is 8 feet long, 4^ feet wide, and 6 feet high, at 80 
cts. per foot 1 Aiifs. $10,80. 

12. If wood be $6 per cord, how mnch is it per foot t 

Ans. 75 cents. 

r 

13. How much will a cord of wood cost at five shil- 
lings and three pence per foot ? Ans. $7,00. 



SECTION V. 

A Prism. 

A Prism \i^ a solid, the ends or bases of which are 
equal and parallel plane triangles or polygons, and the 
sides plane parallelograms. 

To find the solidity of a Prism. 

Multiply the area of its base by the length. 
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1. What 19 the solidity of a triangalar prism, each 
side of the hase being & iaches and length 25 inches t 




Area of the base $i7. 71X^5=692.75 cubic inches, 

2. What is the solidity of a triangular prism, each 
side of the base being 13 inches and length 4 feet? 

Ans. 2.033 cub. feet. 

3. A pentagonal column measures on each side of the 
base 9j- inches, perpendicular height 6.5378^ and length 
6 feet : , what is the solidity ? Ans. 6.47 cubic feet. 

4. What is the solidity of an equilateral triangular 
column, each side of the base being 54 inches and height 
20 feet ? Ans. 175.365 cub. feet. 

5. An octagonal marble column measures 16 feet per- 
iphery and 20 feet altitude : what is the solidity ? 

Ans. 386.274 cubic feet. 

6. How many cubic feet of earth must be removed to 
form a canal 31 miles long, 20 feet broad at top, 12 feet 
at the bottom^ and 5 feet deep, the ends being perpen- ^ 
dicular ? Ans. 13094400 cubic feet. 

The Erie Canal, in the State of New- York, extends 
from Albany to Buffalo, 365 miles, in nearly a straight 
line* It is 40 feet wide at the top and 28 feet at the 
bottom : how many cubic feet of water will it contain — 
how many hogsheads, of 120 gallons each ! 



148 



SECTION VI. 

A Cylinder, 

A Cjlinder is a solid, with circular, eqaal, and panllel 
baseSy and its sides a regular circular sorftce. 

To find the soliditj of a Cylinder. 

MuUiply the area of ome of tJu hoses by the length, the 
product will be the solidity. 

1. What is the soliditj of a cylinder, the diameter of 
the hase being 8 inches and length 24 inches? 




8 X 8 X .78539t=50.2e5, area of the base. 
50.265X24=^1206.36 cubic inches, the solidity of the 
cylinder. 

2. What is the solidity of a cylinder 10 feet in length 
and 2 feet diameter ? Ans. 31.416 cubic feet. 

3. What is the solidity of a circular stick of limber 
12 feet long and 15 inches diameter ? 

Ans. 14.72 cubic feet. 

4. How many cubic feet in a circular marble column 
20 feet in length, the diameter of each base 2.5 feet ? 

Ans. 98.175 cubic feet 
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5. How many gallons of water will fill a circular tos- 
sel 2 feet diameter and 4 feet deep? Ans. 94 gallons. 

6. How many gallons of water will a reservoir con- 
tain which is 16^ feet diameter and 13 feet deep ? 

Ans. 20793 gallons; 

To find the solidity of a body, the bases or ends of 
which are of unequal breadth for thickness. 

Half the sum of the areas of the two bases or ends is 
the mean area: multiply the mean area by the lengthy the 
product is the solidity. 




1. What is the solidity of a body 30 inches in length, 
the greater base 10 inches, and tho less 8 inches square? 

An8« 2460 cubic iaehea. 

lOXlOsslOO and 8x8«e4; 100+64=»164; half of 
104 is 82; 82x30=:2460. 

% What is the solidity of a piece of marble 2 feet iU 
length, the greater base 5 inches square, and less base 5 
inches wide and 3 inches thick t Ans. 480 cub. in. 

5X^=^5 and 5X3^=15; 25+15»40; half <»f 40 is 
20; 20x24s3480. 



SECTION VU. 

A Pyramid. 

A Pyramid is a solid, the base of which is a regular 
polygon, and its sides plain triangles meeting at their 
▼ertices.! 13* 
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To find the BoHdity of a Pyramid. 

M«ttipty one third of the area of the base by the alti- 
tude, the product ti the soKdily. 

This cliangea the pyramid to a prism of the same 
altitude. 

1. What is the solidity of a hexagonal pyramid, the 
base of which is 4.5 on each side, perpeodicular 3.9, and 
altitude 23 ? 



Th« altitude of a pyramid is the perpendicular distance I 

from the centre of the base to the apex from B to A. I 

Every pyramid is equal to one third of a priam, baring 
an equal baae and altitude. 
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Area of the base 526.5, one third of this is 175.5XS2 
^&=3d61 cabic feet. 

2. Each iside of the base of a triangular pyramid is 4 
feet and altitade 15 feet: what is the solidity ? 

Ans. 34.64 cubio feet. 

3. What is the solidity of a square pyramid, each side 
of the base being 36 inches and altitude 10 feet T 

Ans. 30 cubic feet. 

4. What is the solidity of a marble pyramid, the base 
of which is a pentagon, each side of which is 48 inches 
and perpendicular 33.0332 inches, and altitude 15 feet ? 

Ans. 27.6276 cubic feet. 

5. A hexagonal pyramid is 5 feet on each of the base, 
and altitude 25 feet : what is the solidity ? 

Ans. 13 cubic feet 
6k One of the largest pyramids in Egypt has a square 
base 26 feet 4 inches oq each side, and 499 feet high: 
how many cubic feet does it contain t 

Ans. 115.343 cubic feet. 



SECTION VIH. 

. A Cane. 

A Cone is a pyramid, the base cff w-bich is a circle, 
and the sides a umformly decreasing oircitUu: surface. 

To find the solidly of a ootie. 

MuUipfy one third of tht area of the base by the o^ 
titude. 

This changes the oosfe to a cylinder of -the same al* 
titude. 



I. What if tbe icrfiditr of a ante, tbe diu 
base beiag 9^ and altitade 30 T 



95X9.5X. 7854=70.88235, J of this ia236.2745X 
3(^=^06.8235, the EolidUy. 

Tbe Botiditj of a cono ia one third of tbe sdidit; of ii 
ejlinder of eqaal base and altitude. 

2. The diameter of tbe base of a cone is 13 inches 
aod thealtitude 48 iocbes : what ia tbe solidit; ? 

AHa. 1.0473 cubic feet. 

3. What is the solidity of a marble cooe, the diame- 
ter of tbe base of which h 18 iaches and altitude 4 feetT 

Ans. 6.5156 cubic feet. 
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4.' How many cubic feet are there in a stone mona- 
ment in the the form of a cone, 6 feet diameter and 20 
feet high ? Ans. 18.849 cubic feet. 



SECTION IX. 

Frustum of a Pyramid. 

The frustum of a pyramid is the part remaining after 
the top has been cut off parallel to the base. 

To find the solidity of a Frustum of a Pyramid. 

General Role. 
Multiply the mean area by the altitude; the product is 
the solidity. 

If the bases are equilateral triangles, 

To the product of one side of the greater base multi' 
plied by one side of the less base, add one third of the, 
square of their differ ence, this sum multiplied by .433013 
gives the mean area, which, multipliedby the altitude gives 
the solidity. 
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1. ; What is the solidity o( a frastam of a pyramid, 
the bases of which are cquilateial triangles, the aides of 
the greater base 18, side of the lees base 6, and altitude 
of the pyramid 36 ? 



18X&<=108, product of one side of each of the two 
bases. 

1&— 6=12X12=144, » of this is 49. 108-|-4a= 
156X.433U13=67.550028, the mean area, which, multi- 
plied by 36, gives 2431.S for the solidity of the frustum. 

2. The frustum of a triangular pyramid, on each 
side of the greater base is 24 inches, each side of the 
less base 12 inches, and altitude S feet ; what is the 
solidity? Ans. 8.0829 cubic feet. 

3. What ia the solidity of a triangular column 25 feel 
high, the bases equilateral triangles, the greater 3 feet and 
less Ik feet on each sidel Ans. 56.83 cubic feet. 
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To find the solidity of a frustum of a pjramid haviug- 
square bases. 

To the product of one side of each of the tae &(Me5, 
add one third of the square of their difference; this gives 
the mean area, which multiplied hy tlte altitude gives the 
solidity. 

1. What is the solidity of a frustum of a square pyra- 
mid, the sides being 12 and 6, and altitude 38 ? , 



12X6=72; 13—6x6x6=36; one third or36 is 12 ; 
72 and 12 are 84, this multiplied by the height, 84X38 
=3192, the solidity. 

2. What is the solidity of a slick of timber 25 feet 
in length, the ends being 10 iachesand 13 inches square? 
Ahs. 23,^ cubic ft. 
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3. What is the solidity of a marble pillar 10 feet in 
height, the bsLses squares, each side of the greater base 2 
feet, and of the less base 18 inches ? 

Ans. 30f cubic feet. 

4. What is the solidity of a granite coluinn 50 feet 
altitude, and bases squares, the sides being 7 feet and 4 
feet ? Ans. 1.550 cub. feet; 



To find the solidRy of a frustum of a pyramid, the 
bases of which are regujar octagons. 

To the product of a side of each of the two bases , add 
one third of the square of their difference. This sum 
muUipUed by 4.828427 gives the mean area, which multi" 
plied by the height gives fhe solidity. 
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1. What is the soltdilf of a finstnin of a pyramid 
bavJDg octagoiMil bases, each aide o( the greater base 
being 6, each aide of Ibe legs base 3, and altitude 42? 



8X3=^4, and 6— 3=SX5=^5 ; J^ of 25 is 8^ ; 34 
and 8^=32^; 32^X4.826427 gires 156.12014; this 
multiplied by 42 gives 6557.04588 foi the solidity. 

2. What number of cubic feet are there in a marble' 
column with octagonal bases, the perimeters of tbe bases 
being 120 inches and 80 inches, and altitude 5 feet ? 

Ans. 26.58024 cubic feet. 

3. What is the solidity of a stone pillar 30 feet alti- 
tude, with hexagonal bases, the perimeters of which are 
i2 feet and 30 feet T Ams. 1883.086 cubic fl. 

14 
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To find the solidity of a frustatq of > cone. 

To the product tf the tuto diametert, add out third of 
the square qfthur difference : this svm muUipkd bj/ .7854 
gives tht, mean area. MuUiplyxng the mean area hy the 
altitude mil give the solidity. 

1. What is tbe solidity of a frastnm of a cooe, tho 
diameters of the two bases being 22 and 16, and alti- 
tude 38 i 



2SX 16=353, and 22— 1&=6 ; the sqaare of 6 is 36 ; 
i of 36 is 12; 352 aod 12 are 364 X ■7354=385.8856, 
the mean area, which maltiplied by 38 gives 10863.6526, 
the loliditj. 
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2. What is the solidity of the frustum of a cone, the 
diameters of the bases being 21 and 13 inches, and alti- 
tude 5 feet ? Ans. 8.0267 cubic feet 

3. How many gallons of water will fill a tub 18 inches 
diameter at bottom, 12 inches diameter at t^p, and 36 
inches deep 1 - Ans. 27.9 gallons. 

4. How many cubic feet of water will a circular cis- 
tern contain which is S feet diameter at the bottom, 10 
feet diameter at top, and 12 feet deep ? 

5. A common pail is 11 inches diameter at the top, 

Ans. 766.55 cubic ft. 
10 inches diameter at the bottom, and 8 inches deep ; 
how many gallons of water will fill it ? Ans. 3 gallons. 



SECTION X. 

A Sphere. 

A Sphere is a solid body, every part of the surface of 
which is equally distant from the centre. 

to find the solidity of a sphere. 

Rule 1. 
MuUiply the square of the diameter hy 1.0472 j this 
product multiplied by the radius gives the solidity. 

Rule 2. 
MuUiply the cube of the diameter by .5236, the product 
will be the solidity^ 
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i. What ia the ioliditj of « apbere, Ihe dUmeter of 
which ii lOiDohesI 



hj Rule 1. 
16Xl6==356Xl-0472X8=ai44,6«5 cubic inches. 

Bj RdIs 2. 
16'>=>1096X .5236=21144.665 cubic ipch^ 
9. What ia the solidity of a sphere 12 inches in diun- 
fliert Ans. 904.78 cubic in. 

3. If Ihe diameter of a sphere be 1 inch, what is the 
Mlidity t Ani. .6236 of * cubic in. 

4. What is the solidity of i silver sphere 6 inches in 
dianieter T Anb. 65.45 cubic in. 

6. What is the solidity of a sphere 15 inches in diam- 
etarT Ane. 1767.15 cubic in. 

6. What is Ihe number of cubic miles in the moon, 
supposing the diameter to be 2160 miles t 

Ans. 5,276,6S4,62S cubic miles. 

7. Supposing the earth to be a sphere, and the diam- 
eter to be 7920 miles, what is the solidity in cubic miles 1 

Ans. 260121860876 cubic miles. 
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SECTION XL 

Segment of a Sphere. 

To find tlie solidity of a Segment of a Sphere. 

To ihree fourths of the square of the base, add the 
square of the height ,* this sutn muIiipUed by the height, 
and the produU by .S^SOmll £ive the solidity of the 
segment. 

1. What is the solidity of a segment of a sphere, the 
diameter of i^hich is 12, and height 4 ? 




l(2Xl%=144X|c=;108; 4Xfe=16; 108-|-16c=124 ; 
124x4s»496X.5236c=^9.7, the solidUy. 

2. What is the solidity of -a spherical segment, the 
height of which is 3 inches %nd base 5 inches ? 

Ans. 43^589 cubic in. 

3. If the base of a segqpent of a sphere be two feet, 
and height IS inches, what is the solidity? 

Ans. 4.12345 cubic feet. 
12* 
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fifiCTION XII. 

Frustum of a Sphere. 

To find the solidity of a frustum of a sphere. 

To the squares of the radii of the two bases, add one 
third the square of the height ; this sum multiplied by the 
height f and the product by 1.5708 gives the solidity. 

1. What is the solidity of a frustum of a sphere, the 
diameters of which are. 18 and ^ inches, and perpen- 
dicular distance 15 inches ? 




»■•»■* 



V)X9b« 81 

llXll=i81 
15X 15-^0= 75 



«77K 15bbA155X 1 ^Oee^ 



6526.674 cub. in 
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3. What is the solidity of a zone or middle fiastDm 
of a sphere, the diameters of the bases heing 24, and alti- 
tude 12 inches t > 



12X12=144 

12X12=144 

13Xl3-r3= 48 

336 X 12=4032 X 1 .570&3 

66S.58 cabic inches. 

3. What IB the solidity of the middle fiBstom of a 
sphere, the greater diameter 12 inches, leas diameter 10 
iaches, and h^ght 4 inches t Ans. 416.785 cuhic in. 

4. If the diaroeteig of the bases of a zon« are 4 feet 
and 5 feet, aiid height 3 feet, what is the solidityl 

Ans. 62.1565 cubic feet. 



M4 
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SECTION XUI. 

A Spheroid. 

A Spheroid is an oblong solid, formed b^ the revolu- 
tion of an ellipsis about its transverse or conjugate diam- 
eter. 

If the revolution be on ite transverse diameter, the 
solid is called a prolate spheroid ; if the revolution be on 
its conjugate diameter, the solid is 9XLjMaie spheroid. 

In a prolate spheroid, the transverse diameter is the 
axis. 

In an oblate spheroid, the conjugate diameter is the 
axis. 

To find the solidity of a Spheroid : 

Multiply the square of the revolving 
axis, and the product by .5236^ for the solidity 



by its 
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i. VfbU ia the Boliditj of a prolate spheroid, tfae di- 
ftmetera of which are 17 aad 24 ? 



A B revolving diaraeter, C D axis. 
17X17==289X24=:6936X -5236=3631.689 soliditf. 
2. What is the solidity of an oblate spheroid, the di- 
ameters of which are 28 and 16 T 

Ad Oblate Spberoid. 



28x28=764X16=I2544X.5236=656ft.03, the sol- 
idity. 
A B teToWiDg diameter, C D osia. 
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S. What is the solidity of an oblate spheroid, the di- 
ameters of which are 8 ahd 12 inches t 

Ans. 6031.87 cubic in. 
4. If the axis of a prolate spheroid be 18 inches, and 
the revoWing diameter 12 inches, what is the solidity ? 

Ans. 1357.17 cubic in. 



SECTION XIV. 

Segment of, a Spheroid. 

To find the solidity of the Segment of a Spheroid. 

FVom the product of three times the axis, subtract twice 
the height of the segment ; multiply the remainder -by the 
square of the height, and the product by .5236. . Then, 
as the square of tJie axis is to the square of the revolving 
diameter, so is the last product to the solidity. 



1. What ia tbe solidity of & segment of a prolate 
spheroid, the axis of which is 9, and rcToUiog diameier 
6, and height 4 T 



9X3=27; 4X2=8; 27— &=19Xl6a=304x.5236 
=159.1744; 9X9=81 and 6X6=38. 
As 81 is to 36 BO is IS9.1744 to 70.7447, the solidity. 



SECTION XV. 
Middle FYttstum of a Spheroid. 

To find the solidity of the Middle Frustum of a Sphe- 
roid. 

To twice the square of the middle diameter, add the 
square of the diameter of the base ; this sum multiplied 
by the perpendicular distance between the bases, and the 
product by MQlSgivts the solidity. 

This rule ipay be useful i[i gauging. A cask of this 
fbriD is called a cask of the first variety. 



I. What ii the Mlidilj of Ac miildft ftntnn of « 
qiberoid, the middle diuoeicr 40, tbe enda 24, and length 
50 iachegT 



40X40=1600X2=3200; 24X24=576; 3200+579 

^>9776X50=I88800X -36 17=4093 1.84 cubic inchei. 
This divided bj 231 will give gallon^=i77.l9 gallons. 



BECnON XVI. 
Parabolic SpiTidle. 

A Panbolic Spindle is an oblong solid, the eitrem- 
llies of which are vertices. 

To find the solidit/ of a Parabolic Spindle. 

MuUiply the iquare of the conjugate diamettr hy the 
tnmtnerte, and thf product by .418^ /or the soUdity. 
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I. What is tbe soltditr of a p&rabolic apiaiie, the two 
HiwnMen of wluch ue 40 and 16 1 



16Xl6c^t56X40»10S40x4188&=428.933,ttie M>I^ 
idity. 



SECTION SVll. 
Middle Frustum of a Parabolic iSpindle. 

To find the soliditj of the Middle FrttMnm of a Pua- 
bolie Spindle. 

To tuice tkt square of the mddle dti^uter, aid the t^u»e 
of the dimuier of the base ; front thi$ t%m nMtiui foUr 
tentJu of the square of the differeau of the two diame- 
15 
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ters : muitiply the rtmaituJtr by the length, and ike pri>- 
dttct by .2168/or the saSdity. 

A fiustam of a parabolic spindle is the fotm of a caok 
of the second variety. 

I. What is the solidity of the middle fraettitn of a 
parabolic Bpindle, the middle diameter of which is 14^ 
the diameters of the bases 9, aod the length 36 f 



14Xl4=196i 9x9=61; 196+81=377 ; difference 
of the two diameters 14—9=5X5=35; -fsoi^S is 
10; 277—10=367; 267x26=6g43x 316&»1505.0256, 
the solidly. 



SECTION XVIII. 
Parabolic Conoid. 

A Parabolic Conoid is a solid formed bj the resolution 

of a ptrabola about its abscissa. 

To find the solidity of a Parabolic Conoid : 

Multiply tke luight by the square of the diameter vf 

tia tee, the pndua mmUipked hy .Wit gives the saSdiiy. 
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1. What Is the solidity of a parabolic conoid, the 
height being 16 inches, and diameter of the base 15 f 



UX 15=a26 X lft=3600X .3027=1418.72. 

SECTION ZDC- 

Frustum of a Parabolic Conoid. 

To find the wlidit; ofaTtuatiim of a Parabolic Conoid. 
Muhiply the sum of the squaru of the tuo bases hy the 
height, and theproduct by .3927 givei the solidity. 



|7? PMUBTIT. 

i: What if tbt 90\iAiVf of t ftqituiP of a pinbqltfl 
conoid, the dui|i«tet of tb« two baw t»wn(9 111049* *n4 
height 10 T 



6XS-=^, and 9X9=61 ; 81 and 25 are 106X10" 
1060X-3937c=941.6269o|tdUj. 

If two frnatumi of a p&rabolio conoid of eqatl buM 
be united at their greater buee, the form will be a ea$k 
of the third vuietx- 



A Wedge is a aolid, the base of which ia a aquare or 
right angle parallelt^ram, with two of ita aides meeting 
at an edge. 

To find the aolidltj of a wedge : 

To oHt ikird of the laigth tf the hau add mt nxtk ^ 
t\t length of the edge ; this nm muUipSed ig the Imgit 
and ihieknest giva the toUditjf. 
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1. What is the solidity of a wedge, the base of which 
is 18 iaches by 4 inches/the edge 18 inches, and altitude 
10 inches? 




One third of the base 21 is 7 ; one sixth of the edge 
18 is 3 ; 7+3=10X12X4=480, the solidity. 

2. What is the solidity of a wedge, the base being 24 
inches long, 5 inches wide, the edge 18 inches, and the 
height 15 inches ? Ans. 825 cab. in< 

3. What is the solidity of a wedge 3 feet long, 12 
inches wide at the edge, and base 15 inches by 6 inches? 

Ans. 1512 cubic inches. 



SECTION XXI. 

A Prismoidt 

A Prismoid is a solid resembling a prism ; its bases are 
rectangles, and its sides four plain trapezoids. 

To find the solidity of a prismoid. 

Jf a Prismoid he divided diagonally between the hases^ 
15* 



4H avirnm^ 

itwm/mmwm^a. J(.ffftrt«rV"UN, ft« I., 

of the priimoid. 

1. Wbftt ifl the soliditjr of & iwumoid, tba hues of 
which are 9 b/ g and 12 bj 7^ ud the height 15T 



}of 9ia9; J^ of 13 is 2; 3 and 3 ue &; 5X15X3^ 
=S1S, iolidit; of tke v«dgc A B C D EF ; then ^ of 12 
ia4; iof 9 1.5; 4aBdl£ara55; 5.SX1&X77^T7.&. 
the eolidiiyof (ho wedge A D £ F Q H; adding the wl- 
idities of the two vedgea 375 aod 577.&=:d52.S, the boI- 
iditf of the prismoid ABCDEFOH. 

2. How many cal^ feet is t, block of marble, the 
lower base of which ia 42 bj 15 inchea, and t^per base 
S6 by 13 inchea, aad ahitade 18 inchea t 

Ans. 9504 «nb. in. 
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SCCDfON XXlI. 

Regular Bodies. 

Altejpdai: Body 19 ». 9oIid» tho purfae^ of wliich is 
formed of similar and equal planes. 

There are 'six regular bodies, the names of which are 
derived from the number of planes which form their sur- 
faces, viz : 

1. The Tetraedron has 4 equal and equilateral trian^ 
gttl^r faces. 

2. The Hexaedron or cube, has six equal square faces. 

3. The OctaedroQ has 8 equal and equilateral trian- 
gular faces. 

4. The Dodecaedron has 12 equal and equilaterd 
pentagonal faces. 

5. The Icoss^ediron has 20 equal and equilateral trian- 
gular faces. 

The Sphere is the only other regular solid. 



Table of the solidity and superficies of the five reg- 
ular bodies, the length of a side of each being one. 
Bodies. Solidity. Superficies. 



Tetraedron. 


.11786 


1.73205 


Hexaedron. 


1. 


6. 


Octaedron. 


.4714 


3.464 L 


Dodecaedron. 


7.663119 


30.6457 


Icosaedron. 


2.181695 


8.66025 
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G«wnl Rab. 
To find the iolidity of each of the fire regular bodies : 

MuUiply the cube of a side by tie tabular soSdiif, the 
product uritt be the soUdity of the body. 

Tetaedren. 

1. What is the solidity of a tetraedron^ each side of 
which is 18t 




183=5832X.11785=:687.3,the solidity. 

2. If the side of a tetraedron be*5 inches^ what is its 
solidity? Ans. 14.731 cubic io. 



1. Whit is tht wlidii; of & hexaedran, eoeh side of 
wUob is l«t 



The hezMdron U t cube, ud is meunred u a cube. 
The cabe of 16>3o4O06, the solidity. 
OetM&OB. 

1. Wlitt isthowdiditj'Qf tBOcttedmt), ««ch«M«or 




Tbteabeof 15is33rSX-4714>-15M.975, the soUdity. 
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2. Hov iBUij cubic 
BHiUe^iB tliefaniof aa 
12iiiclia? 



tkete in « Uock of 
, the length of each 
814i»79 cob. in. 



1. What is the solidity of a. dodecaedron, each side 
of which is 13f 




The cube of 13 is 2197X7.663119 gives 16835.872, 
solidity. 

2, What is the solidity of a block in the 6nn of a 
dodecaedron, each side measaring 12 inches f 

Ajffs. 13141.969 cab. in. 



HUnUKATIOM or MUSS. 



1. What is the solidity of an icosoAdton, each side 
being 12t 



The cube of IS is 1738, which multiplied by 3.181695 
giiea 3769.97, solidity. 

2. What is the solidity of an icosaedroD, each aide 
being 10 inchest Ans. 2181.695 solidity. 



SECTION XXIII. 

Irregular Bodies. 

. An Irregular Body is a solid, the surface of which is 
formed of dissimilar and irregular plane, and cnrred 
faces. 

To find the solidity of Irregular Bodies. 
Place the body in any vessel of regular form, andfiU 
iht wssel leilh water or fine sand; then remove the fimfy, 
and iteasure the number of cubic inckis or feet in tJu 



^(Ke wUcl ffte wafer sr Mid faf/oOoi, owl it tsiS ejwtf 
tin uBditf 9f tiU Mr- 

1. The following Ggan representa an irragaltf iblM, 
whidi, when removed tnun a circolar veaBel 17 inches in 
diaoMer, in which it had been enbmerged in waler, the 
fluid M 6 inches. What was the soUditj of the body T 



lTxl7X289X.7e54.=826.98Xfe=l361.88 cobio 
ioOhes, the solidity of the body. 



MENSURATfON OP SOLIDS. Ifil 

2« A body vras plated in a Teasel 18 iBchesIong and 
12 inches wide, and carered with watery when tsJocn 
oat the water, fell 8 inches, what was the eolidity ? 

Anb. 1 cub. fbdt. 

3. Eight apples and four pints of sand were put in a 
wine gallon measure and filled it; what was .the soliditf 
of the apples ? Ans. 115j> cab. io. 

This is a very conTenient method of rneasuring the 
solidities of staall bodies, and parts of bodies. 

4. A small, but irregular piece of mineral was sus- 
pended in a tumbler of water, 4 inches in diameter, and 
raised the fluid 1^ inch ; what was its solidity ? 

Ans. 18.849 cubic in. 

5. What is the solidity of a body, which, being placed 
in a circular vessel 20 inches diameter, caused the witer 
totise 5 inches? Ans. 1570.8 cubic in. 



OHAPTER II. 

SECTION I. 

To find the area of the surface of a Cube. 

Multiply the square of one side by 6, the product mU 
he the area of the cube. 

1. What is the area of the surface of a cube, the.Aide 
of which is 12 inches? „ 

J6 
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The square of 12 is 144, which, multiplied by 6^ the 
number of sides, gives 864 square inches for the area. 

2. If the side of a cube be 3 feet 6 inches, what is 
the area of the surface ? Ans. 73.5 sq. ft. 

8. What will it cost to gild the surface of a cube, 
each side of which measures 25 inches, at $1^ per* 
square foot T Ans. $30.05. 



SECTION II. 

To find the area of the the surface of a Parallelopiped. 

Multiply the sum of the sides of the base by the lengthy 
and to the product add the areas of the two bases, 

1. What is the area of the surface of a parallelopiped, 
the length of which is 8 inches, breadth 5 inches, and 
thickness 3 inches ? 

5+5+ 3 I 3 — 16, sum of the sides of the base ; ]6X 
8=128 ; 5X3X2=30, areas of the two bases ; 128+ 
30i=158, area of the parallelopiped. 

2. How many square feet of surface are there on a 
body 12 feet long, 5 feet broad, and 4 feet thick ? 

Ans. 256 square feet. 

3. What is the area of a parallelopiped 3 feet in 
length, and the bases 10 inches square ? 

Ans. 1640 square inches. 



SECTION III. 

To find the area of the surface of a Prism. 

Multiply the circumference of the base by the length, 
and to the product add the areas of the bases. 
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1. What IS the area of the surface of a triangular 
prism, each side of the base being 4 inches, and length 
15 inches ? 

Circumference of the base 12 inches; 12Xl5=sl80. 
Areas of the bases 13.856 ; 180-(-13.856=sl93.856 df. 
feet. 

2. How many square feet are there on the surface pf 
a body 12 feet in length, each side of the base being 2 
feet ? 

The parallelepiped is a square prism, and may be mea- 
sured as such. Ans. 104 sq. ft. 

3. What is the area or superficial measure of a pen« 
tagonal marble column 18 feet in length, each side of the 
base of which is 18 inches? Ans. 142.742 sq. ft. 

4. How much will it cost to paint the entire surface of 
a hexagonal pillar 25 feet in length, each side of the base 
being 2 j- feet, at 12 j- cts. per. square yard ? 

Ans. $5,66. 

5. What is the area of the surface of a heptagonal 
solid 20 inches in length, each side of the base 3 inches ? 

Ans. 485.41 sq. in. 

6. How much will be the expense of painting 20 oc- 
tagonal columns, 17 feet long, 15 inches each side of the 
base, at 15 ^ts. per square yard, includijig only one of the 
bases of each column? Ans. $59,18. 

7. , How many square feet on the surface of a marble 
priiM^ in the form of a decagon, 5 inches each side of the 
base, and 3 feet long? Ans. 15.17 sq. ft. 

8. What is the area of the surface of a dodecagon, 
each side of the base 2 inches, and length 2 feet ? 

Ans. 665.69 sq. in. 
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9. How nanj aqmaf iocfaca %n the surface of a cyl- 
inder 15 inohe* ia leagtb, aod diamctei of the bases 5^ 
inches 1 

The cylinder bacifcuhur prisra, and isneasmed in 
the same roaiwer. Ans. 274.89 sq» in». 

The area of the surface of a cylinder, whose altitude 
and diameter are eqtMi, is equal to six times the area of a 
circU of ike same diameter. 

Six times the square of the diameter, multiplied by .7854, 
is the area of a cylinder, of which the altitude and ^ani' 
eter are equal. . 



SECTION IV. 

To find the area of the surface of a Pyramid. 

JHulfif^y the circumference of the hasf hy half the 
length of a side, and to the product add the area of the 
base. 

Note. The length of a side of a pyramid is the dis- 
tance from I he centre of a side of the base to the vertex. 

1. What is the ar« a of the surface of a square pyra- 
mid, each side of the base being lOinches, and the length 
of each side of the pyramid 36 inches? 

I0X4=4Q, circnm'ercnce of the base ; j- of 36 is 18, 
half the length of a side; 40X19=720, area of the up- 
right surface ; 10X10=100, area of the base; 720-j- 
100=820 square inches, the area of the whole pyramid. 

2. In a triangular pyramid^ fach side of the base of 
which is 8 inches, and the length of a side of the pyra- 
mid 2 feet; what is the area of the surface ? 

Ans, Upright surface, 288. ; area of the base, 27.71 : 
Surface of the entire pyramid, 315.71 sq. in. 
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It is often necessary to calculate the length of a side of 
a pyramid. 

The altitude of a pyramid may he considered as one side 
of a right triangle ; and the distance from the centre of 
the base to the centre of a side of the base, as the other side 
of a right triangle, and the length of a side of a pyramid 
as the hypothenuse. Therefore, to the square of the altt" 
tude add the square of the distance from the centre of the 
base to the centre of a side of the base, and the square root 
of the sum will be the length of a side of the pyramid, 

3. What is the length of a side of a pyramid having a 
square hase, each side of which is 8 inches, and altitude 
of the pyramid 20 inches ? 




The line A B b the altitude, 20; B C the distance 
from the centre of the base to the centre of the side, 4 \ 
A C is the length of a side of the pyramid. 

16» 
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Tiie s^are of the altitade A B, is 400 ; the square of B 
C is 16; 400-|-16=4l6; the square root of which 19 
20.7364, the line A C. 

4. What is the length of a side of a triangular pyra- 
■lid, the ahitode of which is 15 feet, and each side of 
the base 5.8 feet? Aivs. 15.175 feet. 

5. What is the superficial measure of the triangular 
pyramid, the dimensions of which are given in the last 
example ? Ans. 147.28 sq. feet. 

6. What is the area of the surface of an octagonal 
pyramid, the perimeter of the base of which is 16 feet, 
aikd altitude 6 feet ? Ans. 67.313 sq. feet. 

7. What is the area of the entire surface of a circular 
pyramid, or cone, the diameter of the base being 12 in- 
ches, and aititude 3 feet ? Ans. 2.2854 square feet 

The surface of any pyramid is equal to one half the 
surface of a prism of the same base and altitude. 



SECTION V. 

To find the area of the surface of a frustum of a pyra- 
mid. 

Midtiphf the sum of Ka^f the perimeters of the two ha- 
ses by the length of a side, and to the product add the 
areas of the two bases. 

1, What is the rea of the surface Of a frustum of a 
square pyramid, the side of the greater base, 12 feet; of 
the less base, 9 feet ; and the length of a side of the frus- 
trum, 18 feet? 

Area of the sides, 189 ; area of the greater base, 144; 
area of the less base, 81. The sum of the wbde is 414 
square feet. 
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2. If the length of a side of a triangular pyramid be 
10 feet, and each side of the greater base 1 foot, and oi 
the less 9 inches, what is the area of the surface 1 

Ans. 9.426585 sq. feet. 

3. What is the superficial measure of the frustum of 
an octagonal py«amid, the periphery of the bases being 
16 feet and 12 feet, and length of the sides 30 feet ? 

Ans. 31.3847 sq. feet. 

4. What is the area of the surface of a frustum of a 
cone, or circular pyramid, the altitude of which is 25 feet, 
and the diameters of the bases 3 feet and 5 feet ? 

Ans. 126.7 sq. feet. 



SECTION VI. 

To find the area of the surface of a sphere or globe. 

The area of a sphere is four times the area of a circle 
of equal diameter : therefore, multiply four times the square 
of the diameter hy .7854 ; the product will be the area of 
the sphere ; or, Multiply the square of the diameter hy 
3.14159, the product will he the area of a sphere, 

1. What is the area of a sphere, the diameter of which 
is 5 inches ? 

Square of the diameter, 25 ; 
25 X 4=100 X. 7654=78.540 Ans. 78.54 sq. in. 

2. What is the area of a sphere, the diameter of which 
i^l5 feet? Ans. 706.86 sq. feet. 

Tlie areas of spheres are in proportion to each other, as 
the squares of their radii, or diameters, 

3. If the surface of a sphere, 5 inches in diameter, be 
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78.54, how many times as large must be the suiface of a 
sphere, 10 inches in diameter? 

The square of 5 is 25 ; the square of 10 is 100 ; 100 
is 4 times 25. 

Ans. 4 times as large e=3 314.16 square inches. 

4. If it cost 5 dollars to gild a sphere 4 inches in di- 
ameter, how much will it cost to gild one which is 8 in- 
ches in dianieter? Ans. 20 dollars. 

5. What is the area of a sphere, the radius of which is 
3 feet 6 inches ? 

3 fl. 6 in. radius, the diameter is 7 ft.; the square of 
7 is 49 ; 3.1416X49=155.9384 sq. inches, the surface. 

6. If the area of 4i circle be^ 15 inches^ what will be 
the area of a sphere of equal diameter 1 Ans. 60 in. 

The area of the entire surface of a hemisphere is three" 
fourths of the area of a sphere of i lie same diameter. 

7. If it cost 24 dollars to gjld the surface of a sphere, 
how much will it cost to gild the surface of a hemisphere 
of the same diameter ? Ans. 18 dollars. 

» 8. What is the area of a hemisphere, 10 inches in di- 
ameter ? Ans. 235.62 square inches. 

9. What is the difference in area between the sur- 
face of a sphere and the surface of a hemisphere, each 25 
inches in diameter ? 

Area of the sphere, 1963.49 

Area of the hemisphere, 1472.62 



Difference in area, 490.87 sq. inch. 

If the circumference of a sphere be given, to find the 
area of the surface. 
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Multiply the square of the circumference hy .31832, the 
product will be the area of the surface. 

1. What is the surface pf a sphere, the circumference 
of which is 5 inches ? 

5X5=^X.3i832=7958 sq. inches. 



SECTION VII. 

« 

To find the area.of each of the five regular solids. 

Multiply the area of one side by the manber of sides in 
the soUd ; the product will give the area of the whale, 

1. What is the area of the surface of a tetraedron, 
each side of one of the planes being 12 inches 1 

If each side of an equilateral triangle be 12, the area 
will be 62.354 ; this multiplied by 4, the number of sides, 
gives 249.416 sq. inches, the area. 

•2. What is the surface of a hexaedron, each side of 
which is 10 inchei&? Ans. 600 sq. inches. 

3. What is the area of an octaedron, each side being 
10 inches ? Ans. 346.41 sq. inches. 

4. What is the area of a dodecaedron, each side of 
one of its pentagonal faces being 10 inches? 

Ans. 2064.57 square inche^, 
5.' What is the area of an icosaedron, each side of 
one of its triangular faces being 10 inches? 

Ans. 866^ sq. in. 
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CHAPTER III. 

MISCeiitiANEOUS aUCSTIONS. 



SECTION I. 

1. How many square inches of leather will cover abidl 
5 inches in diameter 1 Ans. 78.54 sq. in. 

2. If it be required to make a sphere, the solidity of 
which shall be equal to the superficies, what must be the 
diameter? Ans. 6. 

3. If each side of a cube, which contains 64 inches, 
be 4 inches, what must be the side of a cube 27 times ^a 
large ? 

/Solids are in proportion as the cubes of their similar 
dimensions. 

The cube of 4 is 64 ; 27 times 64 is 1728 ; the cube 
root of 1728 is 12. Ans. 12 sq. inches. 

4. What is the superficial and solid measure of a 
globe 15 inches in circumference ? 

Ans. Superficies, 71.62 square in. 
Solidity, 113.989 cube in. 

5. If an iron ball, 8 inches in diameter, weighs 72 
pounds, what will be the weight of another, of the same 
metal, which is 4 inches in diameter? 

Ans. 9 pounds. 

6. If a silver sphere, 3 inches in diameteir, be worth 
25 dollars, what is the value of one which is 6 inches in 
diameter? The cube of 3 is 27 ; the cube of 6 is 216. 
which is 8 times 27. Ans. 200 dollars. 
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7. The wall of ancient Babylon was 60 miles in cir« 
cumference, 87 feet thick, and 350 feet high. How many 
cubic feet did it contain ? 

Ans. 9646560000 cubic feet. 

8. What are the solidities of a sphere, a cube, a cylin- 
der, and a cone^ the diameters and altitude of each being 
10 inches ? 

The solidity of a sphere is equal to two^hirds, and a 
cane one third, of a cylinder, of same base and altitude. 

Ans, Cube 1000. cubic inches. 
Cylinder, 785.4 " " 
Sphere, 523.6 " " 
Cone, 261.8 " " 

9. If the diameter of the earth, at the equator, be 
7920 miles, what is the circumference, area of the surface, 
and solidity of the earth ? 

Ans. Circumference, 24881. miles. 
Area, 197061258 square miles. 
Solidity, 260121860876 cubic miles. 

10. What is the solidity of one of the frigid zones^ al« 
lowing the diameter of the earth to be 7920 miles ? 

11. If the diameter of the earth be 7920 miles, and 
the diameter of the moon be 2160 miles, what is the dif- 
ference of the areas of their surfaces ? 

Ans. 182403809280 square miles. 

12. If the area of a circle be 16 inches, what is the 
area of the curved surface of a hemisphere of equal diam- 
eter? 



13. If the area of tke carved Mnrfaee of a hemisphere 
be 45 inches, what is the area of the tntir^' smf^tu of a 
hemisphere of the same diameter? 

14. If a hemisphere of gold be worth $500, what will 
be the value of the greatest cone which can be cut 
from it? 
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CHAPTER I. 

BIENSVRATIOX OF ANGIiES ANB TRlANGIiES. 



SECTION I. 
Definitions and Problems^ 

Every circle is divided into 360 equal parts, called de* 
grees ; each degree is divided into 60 equal parts, called 
minutes ; each minute is divided into 60 equal parts, 
called seconds ; seconds are divided in the same manner, 
and the parts are called thirds. 

60 thirds are one second. 
60 seconds are one minute. 
60 minutes are one degree. 
360 degrees are one circle. 

A semicircle contains 180 degrees ; and a quadrant ^ or 
quarter of a circle^ contains 90 degrees* A quadrant of 
a circle is formed by two radii perpendicular to each other ^ 
and, consequently ^ <Lt a right angle ; for all perpendicular 
lines form right aisles. A fourth part of the circumfer^ 
enccy then, is the theasure of a right angle. Therefore, a 

17 
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right angle contains 90 degrees. An obtuse angle is 
greater than a right angle, and contains more than 9D 
degrees. An acute angle is less than a right angle, and 
contains less than 90 degrees, 

Obtase and acute angles are called oblique angles. 

It is often necessary, for practical purposes, to ascertain 
how many degrees an oblique angle contains; and also, 
to make an angle of any given number of degrees. 

A convenient instrument for making and measuring an- 
gles is a protractor, which is a small graduated semi-circle, 
applied to the angle by placing the point marking the cen- 
tre of the diameter at the vertex of the angle, and no- 
ting the number of degrees on the edge of the protractor. 

A quadrant is an instrument for taking and measuring 
angles in a vertical plane, 

A graphometer is an instrument for taking and meas- 
uring angles in a horizontal plane. 

FROBLEM I. 

To find the number of degrees contained in «ny given 
angle. 

From a scale of chords, toith a pair of dividers, set ojf 
60 degrees from the vertex on each side of the angle. Then 
take the distance between the two points thus set off, and 
apply a to the same scale of chords, and it will give the 
number of degrees which the angle measures. 
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1. How many degrees are contained in the angle 
ABC? 



In the angle A B C, 60 degrees are set off from B to A, 
and from B to C. Then the distance from A to C is 66 
degrees, the measure of the angle', ABC. 

2. How many degrees are there in an angle which at 
1 and 1 j^ inch from the vertex opens 1 inch ? 

Ans. 39 degrees. 

3. Draw four acute angles on the same side of a straight 
line, and measure them. If they are measured accu- 
rately the sum of them will be 180 degrees. 

4. Draw one right angle and two acute angles oo one 
side, and one obtuse and two acute angles on the other 
side of the same line. The sum of the six angles will be 
360 degrees. 

FSOBLEM If. 

To make an angle equal to any given number degrees. 
Draw a riglU line of indefinite length. With the di* 
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vid&s etiended 60' degrees y place one foot on the exiremiiy 
#/* the line and describe an arc of a circle to intersect the 
right line. Set off the given number of degrees on the arc 
from the point of intersection. From' the extremity of 
the right line, opposite the arc, draw a right line through 
the arc at the point, marking the given number of degrees ; 
and the required angle will be formed, 

1 To make an angle of 35 degrees. 




From BtoC, set off 60 degrees; and describe the nrt 
A C. From C. to A. on the arc, set off 35 degrees ; then 
a line drawn from B through A forms the angle required. 

2. What will be the length of a chord of an arc of 45 
degrees drawn through an angle at the distance of three 
inches from the vertex ? Ans. 2^ inches. 

3. Draw an angle of 15, and one of 40, one of 55, 
and one of 70 degrees, all on the same side of a straight 
line. 

PROBLEM III. 

Two sides of a right triangle b6ing given, to find the 
length of the third side. 
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The line A B is the perpendicular. 

The line B C is the base. 

The line A C is the hjpotheuuse. 

A. The base and perpendicular given to find the length 
of the hypothennse. 

JFrom (he sum of the squares of the base and perpendicu' 
lar^ extract the square root, the result will give the length 
of the hypothenuse. 

1. If the base of a right triangle be 6, and the perpen- 
dicular 8, what will be the length of the hypothenuse ? 

6x3X^+43=100; the sum of the squares of the base 
and perpendicular. The square root of 100 is 10 ; there- 
fore, the length, of the hjrpothenuse is 10. 

2. What is the length of the hypothenuse of a. right 
triangle, the perpendicular of which is 6, and the base 4.5 ? 

Ans. 7.5. 

3. If the base of a right triangle be 87, and the per- 
pendicular 116, what will be the length of the hypothe- 
nuse ? Ans. 145. 

17* 
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B. The hypothenuse and base given, to find the length 
of the perpendicular. 

From the difference of the squares af the hypothenuse 
and base, extract the square root ; the result will give the 
length of the perpendicular, 

1. If the hypothenuse of a right triangle be 10, and 
the base 6, what will be the length of the perpendicular ? 

10-4-6X4=64, the difference of the squares of the hy- 
pothenuse and base ; the square root of 64 is 8, therefore 
the length of the perpendicular is 8. 

2. If the hypothenuse of a right triangle be 14, and 
the base 8f, what is the length of the perpendicular ? 

Change the fraction to a decimal. . Ans. 11.2. 

3. What is the length of the perpendicular of a right 
triangle, the hypothenuse of which is 115, and base 69? 

Ans. 92. 

C* The hypothenuse and perpendicular given, to find 
the length of the base. 

Prom the difference of the squares of the hypothenuse 
and perpendicular, extract the square root, the result will 
he the length of the base. 

1. 'If the hypothenuse of H right triangle be 10, and 
the perpendicular 8, what will be the length of the base ? 

10+8x2=36; the square root of 36 is 6; therefore, 
the length of the base is 6. ' 

2. The hypothenuse of a fight triangle is 25, and the 
perpendicular 20, what is the length of the base? 

Ans. 15k 

3. If the hypothenuse of a right triangle be 6f , and 
the perpendicular 5^, what is the length of the base? 

6$+5^=12XJ^Bl6,the diilbreilceof the squares of 
the hypothenuse and perpendicular ; the square root of 16 
is 4 = the length of the base. 
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SECTION 11. 
Horizontal^ Vertical^ and Inclined Planes, 

A smooth sheet of paper lying flat upon a level table 
represents a horizontal plane t a smooth sheet of paper 
placed edgewise on the table, and at right angles with it, 
represents a vertical plane ; and if placed edgewise on 
the table, and forming oblique angles with it, represents 
an inclined plane. 

Angles of Elevation and Depression. 

* 
When angles- arc taken in a vertical plane, the angle 

formed by a horizontal line, at the extremity of which the 

eye of the observer is placed, and a line drawn to an 

object above il is called an angle of elevation. An angle is 

formed by a horizontal line, and a line drawn to an object 

below it, io called an angle of depression. 




The angle A B C is the angle of elevation of the object 
at C, taken from the point B. And the angle C D £, is 
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the angle of depression of the object at C, taken from the 
point D. 

The preceding principles are of great practical utility 
in the mensuration of heights and distances ; and ought to 
be attentively studied and well understood, before attempt- 
ing the solution of the foUowing Problems. 



CHAPTER II. 

MCNSURATION OF HEIGHTS AND DISTANCE!?. 

PROBLEM I. 

To find the distance of an object from the place of ob- 
servation on a horizontal plane. 

Take the bearings of the object from two points of oh~ 
servation. Draw a horizontal line, and from a scale of 
equal parts, set off the distance between the two points ; 
make the angles equal to the bearings of the oltject and the 
point of intersection opposite the right lint will mark ike 
position, and the length of the lines will give the distance 
of the object. 
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1. It is required to find the distance of the object at 
B, from the points of observation A and C, and also the 
perpendicular distance^ from a line drawn between them. 



B 




The bearing of the object B fiFom the point A, is 79 
degrees, and from the point C, it is 55 degrees. The 
distance from A to G is set off 167 feet^ The point of 
intersection of A B and B C marks the position of the ob« 
ject. And the distance from A to B measured from the 
same scale from which the distance from A C was taken, 
is 176 feet, and from C to B, the distance is 196 feet, and 
the perpendicular distance from D to B is 164 feet. 

2. At the two extremities of a wharf, 250 feet wide, 
the bearings of a ship are ascertained to be 65 and 75 de- 
gress ; at what distance is the ship ? 
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To fiad the height of an object standing on a horizon- 
tal plane. 

FVom a scale of eqttal parts, set of Iht Jtorizontal dis- 
tmtee of Ike object Jrom the place of obserBolion, tketi lake 
tke aitgle of ekealion, aitd the poitits of mtencetio* mth 
the object Marks Ike keighi of the object and tke dis- 
tance from tke place of observation. 

1. It is required to find the height of a tree at 174 
feet diBtaat from the place of obserTation, allowing the 
height of the iastrumeat to he fire feet, and diameter of 
the tree four feet 



Let A B represent the distance, 100 feel. At B erect 
a line perpendicular to A B. The angle of elvation of 
the top of the tree is found to he 45 degrees. Draw the 
arc and set off 45 degrees. Then the line A C passing 
through the extremity of the arc, marks the height of the 
tree at the point of intersection with B C. Measure B C 
from the same scde of equal parts, to which add five feet 
for the height of the instrument, gives the height of the 
tree 134 feet. 
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2. At 300 feet distance from the bottom of a fort 
standing on a horizontal plane, the angle of elevation of 
the top of a tower is found to be 40 degrees ; the height 
of the instrument, while in use, being 5 feet 6 inches. 
Wliat is the height of the tower ? 

The following question may be solved by the rule for 
finding the perpendicular of a right triangle, the other 
sides being known. 

3. The distance to the top of a tree from the place of 
observation is known to be 200 feet ; and to the trunk of 
the tree, the diameter of which is 10 feet, the distance is 
1 15 feet. What is the height of the tree ? 

Ans. 160 feet. 

PROBLEBf III. 

To find the height of an object standing on an inclined 
plane. 

'With the quadrant ^ take the angle which the object makes 
with the downward slope ^ and at a given distance , take the 
angle which it makes with the upward slope ; draw the an- 
gles^ and they will give the slope of the hill, and the height 
of the object, 

1. A house standing on the declivity of a hill, makes 
an angle of 1 10 degrees with the downard slope, and at 
the distance of 100 feet down the hil), the angle of eleva- 
tion of the top of the house is 15 degrees with the upward 
slope. Required the height of the house. 



if 
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Draw the vertical line A B indefinitely, to represent the 
side of the house. At B make an angle with the right 
line of 110 degrees, and set off B C, passing through the 
extremity of the angle equal to 100 feet ; this gives the 
slope of the hill. At C, make an angle of 15 degrees, 
and draw C D through the angle ; and the intersection of 
C D with A B, marks the top of the building ; measure B 
D, and it will give the height of the house. 

PROBLEM IV. 

To find the distance between two objects situated in a 
horizontal plane. 

From two points of observation take the hearings of the 
two objects. From a scale of equal parts set off the dis- 
tanee between the two places of observation ; draw the mt- 
gUSf and the points of intersection opposite mark the posi' 
tions of the objects y and the lines drawn between the points 
are the measure of the distances. 
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Ct is required to find the distance between two objects 
C and D, on a horizontul plane. 




Let A and B represent tbe two places of observation, 
200 yards apart. From the point A, the bearings of the 
objects are found to be 45 degrees and 81 degrees; and 
from the point B the bearings are 56 degrees and 100 de- 
grees. Draw the angles DAB and CAB, and also the 
angles C B A and DBA; the points of intersection at 
C and D mark the positions, and the line C D gires the 
distance between the two objects. 

The lines A C and A D give the distances of the ob- 
jects from the point A, and the lines B C, B D give their 
distances from the point B. 

A B=:200. A D =346. A C = 242. B C = 304 
BD = 254, and C D = 209. 

2. From two points of observation, 400 feet apart, the 
beariogs of two objects are found to be, from one point of 

18 
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observation, 35 degrees and 60 degrees ; and from the 
other, 47 degrees and 85 degrees. What is the distance 
between the two objects ? 

PROBLEM V. 

To find the horizontal distance between two objects in 
the same vertical plane, the bearings taken from an ele- 
vated point of observation. 

Take the angles of depression of the two objects^ draw 
a vertical and a horizontal line to meet, set off on the rcr- 
ical line the height of the place of elevation, from which 
draw the angles of depression ; and the points of intersect 
tion, with the horizontal line, mark the positions of the oh* 
jects. From a scale of equal parts, measure on the hori* 
zontal line the distance between the objects. 

1. From the top a hill, 150 feet above the level of the 
sea, two vessels are observed ; the angle of depression of 
one is 45 degrees ; that of the other, more remote, is 30 
degrees. What is the distance between them ? 
B A 

r 
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Let B C equal 150 feet, the altitude of the place of ob- 
servation ; draw C £ perpendicular to B C, and B A par- 
allel to C £| for the purpose of making the angles of de- 
pression. Set off the angle A B D equal to 45 degrees ; 
and the angle ABE equal to thirty degrees. The inter- 
sections at D and £ determine the positions of the vessels. 
Measure D to E^ and it will give the distance between 
the vessels. 

PROBLEM VI- 

To find the height and distance of an inaccessible ob- 
ject, standing on a horizontal plane. 

Take the angles of elevation of the object at two acces^ 
sible points of observation in the same vertical plane ; draw 
the angles y and the points of intersection will mark the po' 
sition, and the measure of the line$will give the height and 
distance of the object, 

1. The aiigle of elevation of the top of a steeple, on 
the opposite side of a river is found to be 66 degrees, and 
125 feet further distant in the same vertical plane, the an- 
gle of elevation is found to be 42 degrees. What is the 
height of the steeple, and the distance of its base from the 
first place of observation ? 

D 
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Draw A C iudeftnitefy, and set off from A to B 125 
feet. Ai A, make an angle of 42 degrees, and draw the 
line A D. At B, make an angle of 66 [degrees/ and the 
intersection of B D with A D, determines the height of 
thejstecple. Draw the perpendicular, C D, and its inter- 
section with A C marks the position of its base ; meas- 
ore from B to C, and it will give the distance from the 
first place of observation ; to which, add the distance from 
B to A,, and it gives the distance from the secoad pkce 
of observation. 

2. Two persons, 175 feet apart, on the same level, 
and in the same vertical plane, find the angles of eleva- 
tioa of the top of a tower standing on the opposite bank of 

« 

a river, to be 39 and 25 degrees. What is the height of 
the tower, and its distance from each place of cJbserva- 
tion? 

3. The ahitude of a steeple, by observations from the 
centre of a village, is 28 degrees ; and advancing 30 
yards nearer in the same vertical plane, the altitude is 
found to be 45 degrees. What is theheight of the steeple, 
and distance of its base from the last place of observation ? 

PROBLEM VII. 

To find the height of an object by knowing the great- 
est distance at which it is visible. 

To the square of ike distance of the object, add one 
fourth of the square of the diameter of the earth ; from the 
square root of this sum^suhtract the radius of the earthy 
the remainder is the height of the object. 

1. What is the height of a mountain, the summit of 
which is visible 40 miles at sea? Ans. 1056 feet. 
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2. If the t<^ of a lighthouse can be seen 20 miles al 
sea, what is its height from the surface of the sea ? 

Ans. 266 feet, 

PROBLEM VIII. 

To find the greatest distance at which an object is ris" 
ible^ the height of which is known. 

Multiply the diameter of the earth by the height of the 
ehjeet ; to the product, add the square of the height ; the 
square root of this sum will give the distance required. 

1. If a mountain be one fifth of a mile high, at what 
distance is its summit visible ? Ans. 39|^ miles. 

2. How far can a mountain, 2640 feet high, be seen T 

Ans. 03 miles. 

3. At what distance is a mountain, 2 miles high, vis- 
ible? Ans. J 20 miles. 

PROLEM IX. 

To find the diameter of the earth, by knowing the 
height of a mountain, and the distance at which it is visi' 
ble. 

Divide the square of the distance by the height of the 
object ; and from the quotient subtract the height ; the re^ 
mainder will give the diameter of the earth. 

I. If the height of a mountain be 2640 feet,, and. its 
summit can be seen 62>93 miles, what is the diameter of 
the earth 1 Ans. 7922 miles. 

If a mountain, one mile high,, be visible 89 xniles^what 
is the diameter of the earth t 

Ans. 7921 miles^ 
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CHAPTER III. 



MISCCIiLiANGOUS EIXAMPTjBS. 

The following questions may be solved by the rules 
for finding the base, perpendicular and hypothenuse of a 
right triangle. 

1. From the top of a tower, 180 feet high, standing 
oi>the opposite bank of a river, the distance is 225 feet, 
what is the width of the river ? 

Ans. 8 rods, 1 yard. 

2. What is the height of a house which requires a lad- 
der 52 feet.long, standing 20 feet from the house, to reach 
the top ? Ans. 48 feet. 

3. A fort on the bank of a river 225 feet wide, is 
surmounted by a wall 74.5 feet high. What is the dis- 
tance from the opposite bank to the top of the wall ? 

A\s. 237 feet. 

4. A. travels south 105 miles; and B, from the same 
point, travels west 140 miles. How far apart are they ? 

Ans. 175 miles. 

5. The height of a roof is 7^ feet, and the span SO 
feet. Wiiat is the length of the rafters ? 

The span is the breadth of the building. 

Ans. 12^ feet 

6. How long must a ladder be to reach the roof of a 
house, 50 feet high, the ladder standing 20 feet from the 
house? Ans. 54 feet. 
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7. It is required to prop the wall of a building with a 
timber, 39 feet long ; the upper end of the timber to be 
placed against the wall 36 feet from the ground. How 
far from the side of the building must the other end be 
placed ? Ans. 15 feet. 

8. A fortified town is surrounded by a wall 32 feet 
high, and outside of the wall, by a ditch, 24 feet broad. 
What must be the length of a scaling-ladder with which 
to mount the wall ? Ans. 40 feet. 

9. Two vessels depart from the same port at the same 
time ; one sails 9 miles an hour in a direction due east ; 
the other sails 12 miles an hour due south. How far 
apart will they be at the end of ten hours ? 

Ans. 150 miles. 

10. Two ships leave port at the same time; one sails 
due east 5 j- miles in an hour ; the other due north 7 miles 
an hour. At the end of 12 hours, they cast anchor, and 
despatch a boat from each vessel to the other. How long 
will it take for the boats to meet, rowing at the rate of 5 
miles an hour ? and in what direction must the boats go ? 

Ans. The boats will meet in 10 hours and 30 minutes. 
One must go north-west, the other south-east. 
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